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PREFACE 


Tus is the third volume of a series of four designed to include 
the basic principles of physics, chemistry, and biology. The 
authors aim at broadening the pupil's outlook by dealing with 
these subjects not only from the scientific standpoint, but also 
in their application to everyday life. In this way they hope 
that the study of science will exert a humanising influence on 
the pupil At the same time they claim that such a course 
can train the pupil in scientific habits of thought. 

After performing the experiments, students should write 
a clear connected account, with sketches where necessary, 
answering the questions as they arise. Disconnected notes 
must be discouraged. 

The authors are indebted to certain sources for some of the 
illustrations, for which due acknowledgment is made in the 
text. ‘They would also like to thank Mr B. M. Neville, B.Sc., 
of William Ellis School, London, for kindly reading the MS. 
and proofs, and for making valuable suggestions. 
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GENERAL SCIENCE 


PART III 


CHAPTER I 
PROPERTIES OF MAGNETS 


Ix many parts of the world a dark stone is found, in appearance 
somewhat like a piece of iron, which has the peculiar property 
that when freely suspended it always points approximately 
north and south. From this property it was called lodestone, 
or “leading stone,” the word *lodestone " being derived 
from the Anglo-Saxon word lode, meaning way. ‘The lode- 
stone was known in very early times, and many legends arose 
about it. One of these relates that as a shepherd in Asia 
Minor was walking along carrying a crook shod with iron, the 
crook was drawn from his hand by the attraction of lodestone 
in the earth. Another legend relates that in later times 
Mahomet’s coffin was supposed to be suspended in mid-air, 
without visible support, by means of a powerful lodestone. 
Both these legends are mere fairy stories, but they testify 
to the manner in which the mysterious power of the lodestone 


fired the imagination of men. 


The Mariners’ Compass 

The fact that a suspended lodestone pointed north and 
south was known early in history, and it is certain that a 
floating magnet was used as a compass as early as the twelfth 
century A.D. Tt was not until the sixteenth century that а 
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pivoted compass, mounted in gimbals, came into general use. 
Gimbals were first used to keep oil lamps upright, and their 
use enabled the compass card to remain level in the roughest 
sea. The compass card is marked with the cardinal points, 
the magnetised needle being fastened to the under side. 

In fig. 1 gimbals A and B suspend the compass box. Gimbals 


Fra. 1.—Compass and gimbals 


C and D at right angles to A and В suspend the inner ring 
in the fixed outer ring. 

The modern Ship's compass is an elaborate instrument; 
consisting of several magnets mounted side by side. Special 


methods have been devised for counteracting the effect of the 
magnetism of the iron ship. 


Experiments with Magnets 


Small magnets of cobalt 
of them, cylindrical in sec 
experiments :— 


steel are very powerful, and a pair 
tion, are suitable for the following 


(1) Dip one magnet in iron filings, 
the two ends, which are called the ро 


(2) Suspend each magnet in turn by a double loop of cotton 
and allow it to come to rest, Mark the ends which point 
towards the north. These are called north poles, or north- 
seeking poles. 

(3) Hold the magnets in contact side by side on a bench, 


with north poles adjacent (fig. 2 (a). Let them go. What 
happens? What do like poles do to each other 2 


These cling mostly near 
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(4) Place the magnets side by side, as in fig. 2 (b), with 

unlike poles adjacent. Let them go and note what happens. 
What do unlike poles do to each other ? 


The experiments show clearly that 
Like poles repel, and unlike poles attract each other. 


How сап we find out whether а bar of iron or steel is magnetised 


or not P 


Bring the end: 
AB to each pole of a compass needle in turn. 


в and middle of an unmagnetised iron bar 
Repeat with 


a magnet and write down the results in columns as follows :— 


Effect on compass 


N.-seeking pole | S.-seeking pole 


IRON BAR— 
End А . 
End B . . . 
Middle : 


MAGNET— 
N.-seeking pole 
S.-seeking pole 
Middle . . 


nmagnetised bar (а) to the ends, 


Apply one end of the u 
note what happens. 


(b) to the middle of the magnet, and 
Repeat, applying one pole of the magnet. to each end and 
the middle of the unmagnetised bar. Either pole of the 
magnet attracts the middle of the soft iron; but the soft 
iron is not attracted midway between the poles of the magnet. 
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Use your observations to answer the following questions :— 

(1) How could you find, with the aid of a magnet, whether 
а bar of steel was magnetised or not 2 

(2) If you were given two bars of iron which look alike, one 
only being a magnet, how would you decide which was 
the magnet, using no apparatus except the two bars ? 


Substances which are strongly attracted by a magnet are 
called ferro-magnetic substances. Examine as many sub- 
stances as you can to discover which are ferro-magnetic. Be 
Sure to include the metals nickel and cobalt, Arrange your 
results as follows, filling in the gaps :— 


Sub- | Effect of substance | Effect of substance Remarks: 
stance on magnet on compass needle substance is 
Iron . | Strongly attracted Strongly attracted Ferro-magnetie 

by both poles by both poles 
Steel . 
Cobalt 
Nickel 
Glass | No effect No effect Not magnetic 
Wood 
Ete. . 


The only ferro-magnetic substances known are iron and steel, 
nickel and cobalt. We usually call other substances non- 
magnetic. If a powerful electro-magnet is available, with 


Ferromagnetic 


Fi. 4. 


pieces, you can try the effect of 
pole pieces small thin. pieces of various 
em by thin thread from a wooden 


detachable tapering pole 
Suspending between the 
substances, hanging th 
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stand (fig. 3). When the substance is at rest switch on the 


current. You will find that most substances are affected 


slightly. 
In 1845 Faraday showed in this way that some substances 


set as in fig. 4 (а) with axis between the poles; others set 
as in 4 (b) with axis at right angles to the poles. The former 
he called para-magnetic, the latter dia-magnetic. Bismuth 


is the best example of the latter. 


Experiments on the Attraction of a Magnet through Various 


Substances 
(A) Solids—Sprinkle a few iron filings on a sheet of glass. 
Bring one pole of a magnet below as shown in fig. 5. Repeat, 


gan оп. 
cM ЖЕК, Bundle of Carbon 
Magnets Filament 
Lamp 
ANV Sin 
Magnet S a current 
(3 


Fro. 89. 


using, instead of glass, wood, paper, sheet iron (a “tin” lid), 


and a nickel dish. 
Which substances weaken the attraction, ferro-magnetic or non- 


magnetic ? 
How wow 
Tf possible examine t 
board. ‘These are usu 
iron cases. 
(B) Liquids—F 
Bring à magnet underneath (fig. 6). 


through the water ? 

(C) Gases—Is a compass needle in a boa affected by a magnet ? 
Is magnetic attraction exerted. through air? 

(D) Vacuum—Bring a bundle of cobalt steel magnets near 


à carbon-filament lamp (fig. 7). This consists of a spiral of 


carbon in a vacuum. s there any effect (a) when no current 
flows through the lamp, (b) when the lamp is lit wp by a current ? 


Id you shield anything from magnetic attraction ? 
he electrical instruments on a switch- 


ally shielded by enclosing them in soft 


loat a needle on a cork in a bowl of water. 
Does the magnet attract 
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The carbon spiral, when lit up by a current, behaves like 
a magnet, and the fact that it is affected by the magnets shows 
that magnetism is exerted through a vacuum. 

The last experiment suggests that magnetic effects are 
produced by an electric current flowing in a wire. The experi- 
ment with the electro-magnet described on p. 4 suggests 


the same thing. We shall examine the magnetic effect of a 
current in a later chapter. 


QUESTIONS 


1. Describe experiments to show how the attractive power of @ 
magnet is modified (a) by sheets of non-magnetic material, 
(b) by sheets of magnetic material, (c) by a vacuum. 


2. Describe briefly experiments which show that most materials 
are magnetic in some degree. 


3. If you were given three Similar bars, one a steel magnet, 
another of soft iron, and the third of non-magnetic material, 


What tests would you apply to find out which was which ? 
Explain. 


CHAPTER II 


MAGNETIC LINES OF FORCE. MAGNETIC FIELDS. 
MAGNETIC INDUCTION. MAKING MAGNETS. EFFECT 
OF HEAT ON MAGNETISM 


біғ a thin layer of fine iron filings from a muslin bag on to 
a sheet of glass or cardboard held horizontally above a magnet. 
Tap the cardboard. The filings set in a pattern something 
like that shown in fig. 8. It is as though they set along 
invisible threads connecting the poles. The lines are called 
lines of force and the space in which the lines of force exist 
is called a magnetic field. 

Tt is advisable to obtain permanent maps of several magnetic 
fields in order to study the lines of force. Such maps may 


(a) (0) 
Fro. 9. 


"be made by dusting the filings on sheets of waxed paper. 


After tapping the paper in order to allow the filings to set in 
position a Bunsen flame is passed quickly over it, melting 
the wax, which then sets with the filings in place. Another 
method is to sprinkle the filings on gaslight photographic 
paper, after which the paper is exposed and developed in the 
usual way. Suitable magnets are of cobalt steel, rectangular 


in section and about 2 in. long. 
Some Typical Magnetic Fields 
(i) Single Pole—Set up a magnet as shown in fig. 9 (а) and 
obtain the map shown in fig. 9 (b). 
7 
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(i) Two Poles—Repeat the process with two poles as E я 
fig. 10 (а), (b), апа (с). The arrows show the difection Ш 
which a free north pole would tend to move, 


Glass or Card 


(a) (6) Unlike poles (c) Like poles 


Fra. 10. 


Faraday's Conception of Magnetic Lines of Force 
As the result of his study of magnetic fields by methods { 
such as we have described, Faraday supposed magnetic lin 
of force to possess the following physical properties :— 
(а) They tend to shorten in length ; 
(b) They repel one another sideways. 
These phenomena account for the attraction of unlike pole? 
and for the repulsion of like poles. the 
To help in picturing the lines Faraday introduced 
following conventions :— 
(i) Their direction is that in which the north-seeking pol? 
of a compass needle would point ; à 
(ii) Their number near any point is a measure of the [К> mt th 
of the field at that point. We find them concqg- 
trated most at the poles. 


i 

Жа 

Obtain Maps with Iron Filings in the following cases (fig. 11) С 
(i) Unlike poles adjacent, as in fig. 11 (a) and (b). { 

(it) Like poles adjacent, as in fig. 11 (c) and (d). | 


| 
In each case mark with a X any neutral points. These are 
places where no magnetic force acts, 


(її) Magnet with soft iron ring Near, as in fig. 11 (е). 
Only the lines near the ring are shown in the diagram. 

Are there any definite lines of force inside the ring? wia 
is the bearing of this experiment on the magnetic shielding 
discussed on p. 52 
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Fro. 11. 


Plotting Magnetic Fields by Compass Needle 

The compass tends to set with its axis tangential to a line 
of force, Use a very small pivoted compass in a box with 
glass faces. Make dots A and D (йд. 12) at the south and 


B 
(а) Мо топ near (0) Wear an iron cylinder 


7 A 
Fra. 12. „ Fic. 13. 

north ends respectively. Move the compass needle until 
the south end is over B, tap gently and make a dot © at the 
north end, By repeating this process the line of force may 
be mapped out. This method is much more sensitive than 
the filing method. Тог example, the earth’s field is too weak 
to set iron filings but it affects the compass needle. Tt will 
be well for the class to split into groups to obtain maps showing 
the earth’s magnetic field in the following cases :— 

2 
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On a bench with no iron near (fig. 13 (a)). 
o Near an iron cylinder resting on the bench (fig. 13 (b)). 


Draw the lines of force in your notebook. Note how the 
field is distorted near the iron, into which many lines of force 
are drawn. ў 


Induced Magnetism 


Place a poker or unmagnetised soft iron bar on the floor, _ 
pointing N. and 5. Bring a compass needle near each end 
in turn to make sure it is not magnetised. 

! 


How do you make sure of this ? Hammer it well and then 
bring a compass needle near each end in turn. Describe us 
happens. What is the polarity of the end which pointed north! 


We say the bar has become magnetised by induction in the 
earth's field, 


Obtain a filing map for the case of а small soft iron bar 
near a permanent magnet (fig. 14). These are shown at one 
end of the magnet only. It is clear that | 
lines of force enter one end of the bar | 
ra and emerge from the other end. In 
Seftwen fact, the soft iron bar has become & 
magnet by induction whilst under the 
influence of the permanent magnet. 
ent magnet and use a compass needle to 
find out if any magnetism still remains in the soft iron. Then 
drop the soft iron on the floor and try again. 
Other Experiments on Magnetic Induction 


(i) Hang two soft iron nails from the N. 
Hold the ends together, and 


then let them go (fig. 15). 
Explain what happens. (a) (6) (с) 
(ii) Bring underneath the Эз йв А 
п non E s 


Fra. 14, 


Remove the perman 


pole of а magnet. 


nails (а) another N. pole ; 
(b) а S. pole. In each case 
Observe and explain what 
happens. 


uae . 16 Fia. 16. 
(iii) Hang as many small тео: 


soft iron nails ав you can from а magnet (as shown in fig. 16). 
Hold the top one between your fingers and pull the magnet 
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away. What happens and why? Does soft iron retain its 
magnetism easily? What substance, soft iron or steel, would 
you use for a permanent magnet? Give reasons. 


Making Magnets y 

(a) By Induction—Some of the first permanent magnets 
were made by Gilbert (1540-1603) by allowing red-hot bars 
of steel to cool whilst pointing N. and S. and hammering 


From Gilbert's De Magnete 


Fig. 17.—A smith making a magnet by hammering a red-hot bar 
of iron which is pointing N. and 8. 


them the while. The bars became magnetised by induction 
in the earth’s field. The illustration shown (fig. 17), taken 
from Gilbert’s great book De Magnete, shows a smith making 


a magnet in this way. 

(b) By Means of a Permanent Magnet—Method of Single 
Touch, You have probably used this method in magnetising 
a knife blade. Stroke a thick piece of knitting needle one 
way only with the north pole of a permanent magnet (fig. 18). 
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After each stroke plunge the needle into iron filings and 

collect the heaps Separately. Js there any increase in d 

lifting power (a) after the first stroke, (b) after several strokes f 

Does this experiment suggest that the mag- 

netism in the needle can be increased in- 

Ris definitely by continued stroking with the pole 

} of a magnet? What їз the polarity of the 

N AERA TA end (a) at which Jou started, (b) at which you 
Clockenring ДйМзїһєй? 

Repeat, using a south pole. 

ы ТЕЦ (с) By Means of an Electric Current— 

ЕРУ үш Obtain a cardboard tube about six inches 

long and an inch in diameter. Wrap 

2-5 layers of No. 22 insulated Copper wire on this, being 


careful to wrap the turns in the Same sense throughout: 
(fig. 19). Connect this 


5 Compass needles 
to a tapping key and marked:- кт; xz 
an accumulator ag 
shown. Place compass 
needles near each end 
both inside апа outside 
the coil, and press the , 
tapping key, What is Tapping Key 
the effect on the compass 


бой, 2-5 layers 
of No. 22 D.C.C. 
Copper wire 


needles? Does the coil | 
behave like a magnet 

when the key is de- f Relator, 
Dressed? TF во, mark E 


which is usually coloured тей. N 
produce a north pole 
; Shows end-on views of the 
Coil. Insert arrows (in pencil) to show the directions of the 
current which produc 
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Now place in the coil a short unmagnetised knitting needle 
and press the key for a moment. Remove the needle and 
test if it is magnetised. Test, also after it has been dropped 


on the floor. Repeat with a soft 

iron bar. ‘Test for magnetism 

(а) before it is removed, after 

releasing the key, (b) after it is А à 

removed, and again after it has 19. 20.— Section of coil. In- 
4 1 sert arrows showing the 
been dropped on the floor. 1 direction of the current 

What difference do you notice 

between soft iron and steel in regard to their power of retaining 


magnetism ? 


A Magnetising Coil for Use on the Mains 
А coil such as we have described may be set up permanently 
for use in magnetising bars of steel. The permanent coil 
should consist of ten layers of 
insulated copper wire on a card- 
board tube a foot long, and should 
be mounted as shown (fig. 21). 
It may conveniently be used on 
the mains if a suitable resistance 
is placed in series. The 5-amp. 
АИ КЫ, Samp fuse wire fuse wire is a safeguard against 
aemp] excessive current. The key should 
Fia. 21. never be depressed for long 

periods of time. 

lternating current (A.C.) the key should be 
eleased once when the bar to be magnetised 
is in the coil. To demagnetise a bar completely hold the 
key down as the magnet is pulled out and removed along the 
axis of the coil through which alternating current is passing. 
This removal into а weaker alternating magnetic field event- 


ually removes all the magnetism. This cannot be done using $ GM 


In using & 
depressed and т 


direct current (р:0:). ў 


The Effect of Heat on Magnetism A 
Support a magnet in a stand and hang a small bundle of Fn 


iron wire from the lower pole (fig. 22). Heat the wire with 
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17 
а Bunsen flame and watch what happens. Heat the s 
as little as you can. Raise the wire to bright red-heat, 


it drops off apply another magnet, and 

note if the wire becomes magnetic ET 

when cool. Repeat the experiments y. 

make careful notes, Tf a strip of nicke 

Ñ is available the experiments should be 
Tepeated with it. 

he experiments Show that when 

magnetic materials аге heated above 

. . Certain temperatures they become non- 
оше g Hoe. magnetic, but г 

Ft, 22, cooled. 


А For steel this “critical? temperature 
varies from about 870° С. 


upwards according to the com position 
of the steel: for nickel i -; and for cobalt 
At about these temperatures some change takes 
he molecules of the material. 
so 


Powerful 
Electromagnet 


An interesting Practical appli- 
Cation is in the hardening of very 


Eard steel boring tools. These are 
Suspended in an 


electric furnace Annealing 
from д Soft iron bar, which is Bath 
magnetised by passi " 


Ета. 23 

round a сој] (вее fig. 23). The \ 

urnace ig heated, апа when the tools get to the critical tem- 
perature they lose their ma, 


oil bath below 


magnetic lines of force (a) between like 
poles, (р) between unlike poles, Insert arrows to show 
their direction, 


etch how the 
modified in th, 1 


8. 
9. 
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How do you explain the attraction of a magnet for an iron 


nail? 


What is meant by magnetic induction? Illustrate your 
answer from experiments you have seen or performed. 


Explain how you would magnetise a piece of steel by means 


of the earth’s magnetic field. 


Describe carefully how you would magnetise a piece of steel 
using direct electric current. Indicate the direction of 
the current in a diagram, and mark clearly the polarity of 


each end of the magnet. 


Given an accumulator and some covered copper wire, how 
would you magnetise a steel knitting needle so that it 
had a north pole at each end? Illustrate by a diagram. 


How do soft iron and steel differ in their magnetic properties ? 


Describe experiments to illustrate. 


What is the effect of heat on the magnetism of iron? Describe 


an experiment to illustrate your answer. 


CHAPTER IIT 


ation of Soft Iron and Steel. 
- Electro-magnets in Daily 
Life. The Electric Bell. Simple Galvanometers 


Experiment on the Magnetisati 


You have learnt that a coil of wire behaves like 


when an electric current passes through it. Let u 
effect of gradually incre, 


Оп of Soft Iron ang Steel 


a magnet 


8 try the 
asing the number of turns of а coil 


on the magnetism of a piece 
of iron or steel enclosed in 
the coil Half the class 
Should use iron and the other 
half steel. Bars 6 in, long x } 
in. diameter are Suitable for 
the experiment, 

Fit up an electric circuit 
consisting of an accumulator, 
a rheostat, an ammeter, and 
Several yar Vo, 22 о. 
24 cotton-covered copper wire (fig. ЖУКТУ, A A a 
resistance which is used toadj ust thecurrent passing through the 
Copper уйге; Wrap fifty turns of wire round the bar and allow 
about an ampere to flow. їр one end into some tacks and 
count the number picked up. Dip the eng into the tacks again 
and count the number of tacks, Vrap another fifty UT 


round the ir, rae 
id ү ; - Continue to do this until you have 
A pped about 400 turns of wj Giron, but always coil the 


wire in the ga; 
а north pole. e end of the coil is always 
M pais A He Theostat must not be disturbed, so that 
5 the same throughout the experiment, When 
16 


Fic. 24, 


f 


| 


| 


| 


| 
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you have wrapped 400 turns lift the bar with tacks attached 
and then turn off the current. Note what happens to the 


tacks. 
RESULTS 


Current constant throughout experiment. 
Material—soft iron. 


No. of tacks picked up 


No. of turns Total 
(a) (0) 
0 0 0 0 
10 5 4 9 
20 10 9 19 
200 


Plot the results on a graph (fig. 25). 

It is clear that increasing the number of turns in the coil 
increases the magnetic effect of the current. The strength 
of the magnetic field of the coil depends on the product of 
the amperes and the 
turns — i.e. on the 
ampere-turns. 

The graph shows 
three distinct parts, 
A, В, and ©. Part A 
shows that the mag- 
netism of the iron 
increases slowly as 
the number of turns S aA a 
is increased; part B Fic. 25. 
shows a more rapid 
increase, but part О shows that eventually the amount 
of magnetism induced in the iron or steel reaches a 
maximum, The iron or steel is then said to be saturated 
with magnetism. From а study of the graphs and ex- 
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periments you should be able to answer 
questions ;— s 
(i) Which material, s 
magnetise 2 
(ii) Which is the stro. 
(iii) When the curr 


the following 


oft iron or steel, was the easier to 


nger magnet when saturated ? 


ent was switched off, which material 
retained the more magnetism 2 
(iv) Which of these materials, Soft iron or steel, would be used 
for (a) an electro-magnet > (Б 


) & permanent magnet? Give 
reasons, 


І wien saturated. Soft iron is more 
easily demagnetised than steel and js much less retentive of 
m, { 


Wooden base, 
purchased for ү 
и, pence from “Lico” Series Switch 
ал electrician, by means of which 
(a) 


ал ammeter may be 
inserted, if required, 
without breaking the 
circuit, 


А form of lamp- 
; $ Very useful is Wired as 
le 
OY can make ("materials cost а few shillings only, 
™ about an hour. 
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To make an Electro-magnet 

Obtain a bar of soft iron about 8 in. long and } in. in 
diameter, Heat it in the middle until red-hot and bend it 
into the form of a horseshoe (fig. 27). Fix it in a vice, and 
file the ends together until they are flat and in the same plane. 
A flat piece of iron should be prepared to act as an armature. 
Wrap several layers of No. 26 
covered copper wire round the 
core, always wrapping in the same 
sense, Why is this important? 
Attach the ends of the wires to à 
tapping key and a 2-volt battery. 
(A torch battery will do.) Press 
the key and then find out the 
polarity of the ends of the core. 


Attach the armature'to the core, 
and add weights until the armature falls off. Thus you will 


find the weight which may be supported. Release the key 
whilst the magnet is supporting the weights. What happens 
and why? Arrange for the electro-magnet to support the 
armature without the weights and then release the key. 
Does the armature fall off at once? Usually it sticks until 
disturbed, showing that some magnetism remains in the core. 
Pull the armature gently away, and then try to replace it 
without allowing current to flow. The armature cannot be 
wing that the core is now demagnetised. The 
ou have made is the same type as the first 
d by an Englishman, William Sturgeon, 


replaced, sho 
electro-magnet у 
one which was invente 
in 1825. 


Electro-magnets in Daily Life 

Electro-magnets are extensively used in industry, and their 
design is of very great importance. The simplest type is 
that which you have just made, and consists of a coil of 
insulated copper wire wrapped on a horseshoe-shaped piece 
Of soft iron. This type 18 used in electric bells. It is im- 
portant to wrap the wire throughout in the same sense, so 
that when the current is switched on the ends are of opposite 
polarity (see fig. 20). For lifting heavy weights, the type 
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ood lathe is available, a small 
be made by drilling a channel 
dimensions 3 in. x1 in, and 
No. 26 insulated wire on a 
& this in the channel. Molten 
ards and made flush with the 
surface. Such an elec- 
tro-magnet will lift 


Current in Current out about 100 lb. with s 
Insulation. & _ Insulation tent from a OS 
Section Soft iron Coro accumulator or dry ce P. 
unis A suitable armature is 
show magnetic Soft iron 7 the 
LOO Armature a flat iron, from 
Coils 


handle of which the 
weight may be sus- 


pended, " 

Large electro-magnets 

Coils show is are in ex- 
ditta ا‎ this type 


Bis of N polar tensive use for lifting 
9j агу, 
] the nng A of tor f 1 
south polarity, 18 OF materia With- 


are used for lifting scrap 
iron. Electro-magnets 
ladles” into which many 
poured from the furnaces 


ате used for lifting the great iron 
tons of molten iron and steel are 


of steel works, The ladles are then moved until they are 
vertically over. moulds into which the molten iron is then 
Tun, forming the “pig iron” of commerce, 
The Electric Bell 

Examine an electric bell (fig. 29). Note the electro-magnet 
and the armature, Of what materials ts the armature and the 
соге of the electro-magnet ? Note also Spring S and. the contact 
maker Ç, 


те towards the electro-magnet. 

© gong, and should also 
Separate the Contact at С from the Screw. If it does not, 
happens, Connect a 4-volt 
inals T, and T; 


out the armature they _ 
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Press the key for a few seconds. What happens to the core 
of the electro-magnet 3 What is the effect on the armature ? 


What then happens to the contact С? т 

What is the effect on the current ? Ы Па 
These questions should enable you 

to understand how the bell works. 

Write a full description in your note- 

book, illustrating it by a careful diagram. 


Further Experiments on the Magnetic 
Effect of an Electric Current 


(1) Arrange a piece of straight in- 
sulated copper wire, AB, in a circuit as 


shown in fig. 30, or across the terminals | 
of the lamp-bank described on р. 18 © Striker 
(fig. 26). Arrange for the wire to lie Gong 
above and parallel to the axis of a 

Fig. 29.—' stri 
compass needle. Start the current by RE] xi ес 


pressing the key in the case of the ас- 

cumuletor circuit, or by inserting a lamp in the lampholder. 
The current is flowing from A to B. Note the direction in 
which the north pole of the needle is deflected. Repeat with 


4 volt accumulator 


n" | 


Rheostat 
Key or 
Switoh 
—N 
A N B 
Compass needle 
Fie. 30. Fra. 31. 


the needle (а) above the wire, (5) on its edge at each side of 
the wire, In each case record what happens, showing on a 
diagram the direction in which the north pole moves. 

(2) Arrange for the wire AB to pass through a hole in a 
piece of cardboard which is supported in a horizontal plane 
by means of a wooden stand (fig. 31). Plot the magnetic lines 
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of force round the wire by means of a compass needle, using 
the method described on р.9 (fig. 12). These lines are circular. 
Verify that their direction is given by Maxwell’s corkscrew 
Tule, which is stated as follows: Imagine a right-handed 
corkscrew being screwed along the wire so that the point 
moves in the direction of the current. The direction of rotation 
of the handle gives that of the lines of force round the wire. 
The effect on a magnet of a current in a Straight wire was 
discovered by Oersted, a Dane, in 1819, and the discovery 
formed the starting-point of many applications of electricity 
to the service of mankind. You have already studied the 
magnetic effect of a current in a coil, and should verify that 
Maxwell’s corkscrew rule may be used to find the directions 
of the lines of force in this case also. You can now Er 
Stand why coiling a current-carrying wire increases the 
magnetic effect of the current. Every turn added increases 


the magnetic lines of force and increases the magnetic field 
Strength by the Same extent. Thus a very small current 
flowing through a coil of thous 


ands of turns may produce 
a Very strong magnetic field. 


Further Applications 


Simple Galvanome 
detecting and mea; 


of the Magnetic Effect of a Current 
ters—Galvanometers are instruments for 
suring electric currents. The first and 
simplest, made in 1820 by а 
erman professor named Sch- 
Weigger, was simply a rect- 


angular coil of wire at the centre 
of which a magnetic needle was 
` mounted (fig. 32). 
The coil was turned until its 
т, Tes plane was along the axis of the 
Ета, 32.—'The first, cu 


Sslverometer Needle... When a @ntrent was 
passed thy, 
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QUESTIONS 


1. Describe an experiment showing the behaviour of iron and 
steel when gradually magnetised. 

2. Sketch the lay-out of a modern electro-magnet, and briefly 
state the importance of each part. 

8. Draw a diagram showing an electric bell, and explain how the 
bell works. 

4. Describe a simple type of galvanometer. Explain how you 
would make one of these suitable for (а) heavy currents, 


(6) small currents. 


і 
CHAPTER IV 


THE ELECTRIC MOTOR | 
THE MOVING соп, GALVANOMETER 


electric motor. Nowada: 


teplacing direct current, alternating current motors are 


coming into general use, and the Principles on which they 
work are harder to understand than the Principle of the 
direct current motor, which wi 


e shall now discuss, 1 
Demonstration Experiment illustrating the Principle of the 
D.C. Motor 


Straighten a, long piece of Ni 


by gripping one end in а vice 
Cut off about 8-10 i 


Б current is gradually 


о. 24 or 22 bare copper wire 
and pulling at the other end. 
nches, and loop the end over another 
swing freely. It is advisable | 
cury where they touch, so asi 
Allow the lower end of the wire | 
n а small porcelain boat, Support | 


Reverse the magnete 
е wire is then deflected, 


lour of the wire should be 


í 1 i BU 
of force when (a) anne down the wire 5 (c) shows the line: 


are combined, Evidently the fiel 
24 


ee 
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is strengthened on one side of the wire and weakened on 
the other. The magnetic lines try to straighten out, and 
in doing so they drive the wire forward. This is what 


4 ^ (4) 
= Section KE і RU: 
Ur. Uem d CE 


wire 


Switch ] 


Direction of 
motion 


Ета. 33. Fra. 34. 


happens in an electric motor. The magnetic lines of force 
try to shorten, and in doing so they cause a current-carrying 
conductor to move. 

Now suppose that a coil of wire is wrapped round a cylinder 
which is mounted on an axis so that it can rotate between 


a north and south pole, 
as shown in section in 
fig, 35. Suppose that a 
current is led into the 
coil and that it flows 
down at A and up at 
B. The lines of force МР А 
due to the magnetic 

fields of the current and magnet will beas shown, and there will 
be a tendeney for the cylinder to rotate in an anti-clockwise 
direction, When AB gets into position CD there will be no 
further tendency for the coil to rotate, but when B gets to 
the position A the direction of rotation will be reversed unless 
the current in the coil is reversed. This reversal is necessary 
if the cylinder and coil are to continue rotating in the same 
direction. To reverse the current & commutator is necessary. 


This consists of a split copper cylinder fitted on to the shaft, 
Б] 
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the two halves being insulated from the shaft and pressing 
against two fixed carbon brushes, which lead the current in 
and out. These brushes are so placed that the current always 
flows down on one side of the armature and wp on the other 
whatever the position of the coils. Fig. 36 shows the coil 
without the cylinder on which it is wrapped. The brushes 


are so arranged that when the 
coil is in a plane at right angles 
to the lines of force the current 
in it is reversed, and so the coil 
continues to rotate in the same 
direction. In a large machine 
several coils are wrapped on an 
armature made of soft iron 
stampings—thin discs of soft 
iron mounted on the shaft and 
vol insulated from each other. 'The 


ends of each coil are connected 
to segments of the commutator. Instead of permanent 


magnets, electro-magnets are used. The casting of the electro- 


ГР 
2 


Commutator 


Commutator 
Yoke UA AY segments 
Gp ENG 
охе Field Coil 
1 A Field 
A Rheostat 
^ Starting. 
Starting 
Rheostat 
Field Coil (еи f 
Armature 
in -- I 
ta) 1 
ate Fic. 37.—Types of D.C. motors 
d 5 
(b) Shunt wound, used for heavy work, e.g. traction, cranes, etc. 


wound, used for fairly steady work, e.g. driving lathes, o 

magnets : J 

ml called the Yoke, is of cast iron, and the coils, cO 

RE and brushes of two types of a D.C. machine 9" 
ented diagrammatically in fig. 37. 


The Electric Motor 27 


In а series motor all the current passes in series through 
both field coils and armature. Series motors are used where 
variable speeds are necessary, as e.g. for electric trains and 
trams, and for cranes and hoists, etc. 

Tn a shunt motor only part of the current passes through 
the field coils. Shunt motors are used where steady speed 
is necessary, as in workshops for driving lathes. You should 
now try to answer the following questions, giving reasons in 
each case :— 

(1) What would be the effect on the direction of rotation of an 
electric motor of reversing the current— 

(a) in the armature only ? 

(b) in the field coils оту? 

(с) in both field coils and armature £ 
(2) How would you reverse the direction of rotation of a 


D.C. motor ? 
The Moving Coil Galvanometer 

А coil consisting of many turns of thin insulated wire is 
wrapped on a former, which is often a thin, hollow cylinder 
of metal, sometimes of iron. 'The coil 
is suspended from а metal support by pig 
a thin wire, which leads the current into 5,,,,. 5, 
the coil (fig. 38). The current passes Suspension 
out below the coil through a metal wire 
o a loose spiral, and having 
attached by means of а 
The coil hangs between 
the poles of a powerful horseshoe magnet. 
When a current flows through the coil 
a motor effect is produced, the combined 
lines of force of the magnetic fields of 
magnet and current being as shown in 
fig. 39, The coil tends to move round т, т, 
in the direction Shown by the arrows: Firo. 38.—A moving 
The rotation is opposed by the twist In coil galvanometer 
the suspended wire and the coiling of — 
the spring. The coil will be deflected until the controlling 
force balances the deflecting force. You should note that in 


coiled int 
a tiny mirror 
spot of wax. 
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- this instrument there are three essentials of any sensitive 
TUER ос force is large. It involves the SR 
magnetic field of the permanent magnet _ 

and the number of turns in the coil. 

S (2) The controlling force is very small. 
It is the force resisting twist in the 
Suspending wire and spiral spring. N. 

Fic. 39.—Section (3) The pointer is very long and light ; | 

Current flowing in@. in fact it is a beam of light which is 

бшуш шш С; reflected from the mirror and focussed 


on a scale some distance away so that very small deflections 
may be measured. 


Some instruments of 


this type will measure currents of less 
than a hundred-millionth of an ampere. 


Moving coil ammeters and voltmeters depend on the 
principle just discussed, 


but the current is led in through 
Spiral springs similar to the hair Springs of 
а watch, and the coil rests between pivots 
set in jewelled bearings. 


A light aluminium 
pointer attached to the coil moves over a 


з. Usually the coil 

Soft iron. This 
makes the line ial, as in fig. 40, so that the angle 
of deflection 


of the coil is p 


roportional to the current passing 
through it. ; 
Moving coil loudspeakers also depend on the principles we 
ave discussed. 
QUESTIONS 
1. A wire, 


free to move, hangs between two unlike poles. When 
t is passed through the wire it wove 
illustrate, and explain clearly th 
reasons why the wire moves. T 


ple D.C. electr; 
plain their funet; 
you reverse the direction of rotation of a D.C: 
Give explanation, 


ie motor. Show the 
ion, 


CHAPTER V 


ELECTRO-MAGNETIC INDUCTION. THE PRINCIPLE 
OF THE DYNAMO. THE INDUCTION COIL. THE 
TRANSFORMER 


Ay electric current cannot be set up without the expenditure 
of energy. In the case of a battery this comes from the 
energy released by the chemical action in the battery. The 
electrical energy in an electric cireuit may be converted partly 
into heat in an electric lamp or in a wire, partly into mechanical 
energy as in the electric motor. 


Experiments illustrating the Principle of the Dynamo 


Make a coil by wrapping about 200 turns of insulated copper 


wire on a cardboard tube 3 or 4 in. long and an inch or so in 


diameter. Connect the UNS 
_ ends to the terminals of a. »—- NIAN 
moving coil pointer gal- zzz, E 
vanometer G (fig. 41) (one wae) 
reading 2-0-2 milliamperes HOY 
is suitable). Stand the 
coil vertically on а bench Fro. 41. 
and carry out the following 
experiments several times, 


making full notes of what hap- 


pens :— 
1. (a) Plunge into the coil the N. pole of a magnet. 
(b) Leave the magnet inside the сой for a few seconds. 
(c) Remove the magnet. 
(d) Repeat, using the S. pole. 


2. Fix the magnet vertically in a wooden stand and then 


(a) Drop the coil on to the magnet ; 
(b) Remove the coil. 


1 Messrs Crompton, Parkinson & Co. supply а suitable instrument. 
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3. Find out if moving coil or magnet slowly or quickly has 
any effect on the current. 

The current obtained is called an induced current, and the 
production of a current by the action of a magnet on a coil 
is called electro-magnetic induction. › 

The needle of the galvanometer moves to the right if the 
current flows into it at the terminal marked +. Knowing 
which way the coil is wrapped, repeat the experiments in order 
to find whether the induced current in the coil is clockwise 


or anti-clockwise when the magnet is inserted or removed, 
filling up the following columns :— 


Ind "Thus the near 
Pole EE face of the coil 
becomes 


N. approaching direction (N.) or (S.) pole 


. receding 


8. approaching 


. receding 


The mechanical work done 


into electrical | vergy. No 
can be produced without td 


ade possible the cheap 


У on a large scale, 
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Move a straight piece of the wire between the poles of a 
powerful horseshoe magnet (fig. 42), and note the direction 
of the induced current when the wire is moving (а) up, (b) 
down. Verify that the magnetic lines of force when the wire 


Wire pushed across against lines Current passed down the wire 
of force. Induced current up. which is forced across. 


(a) Dynamo (6) Motor 
Fig, 43. 


Fra. 42. 


is moving down are as shown in fig. 43 (а). Contrast these 
with the motor effect shown in fig. 43 (5). 

In the dynamo eflect (fig. 43 (а)) the wire has to cut the 
magnetic lines of force, and the mechanical work done in 
cutting them is converted into the electrical energy of the 
induced current. 

In the case of a coil which is forced to rotate between the 


poles of an electro-magnet, the lines of force are as shown in 


(b) Motor effect 
Qurrent passed down on left, up 
on right, motion caused in direc- 
tion shown. 


(a) Dynamo effect 


Coil forced round. Induced current 
up on left, down on right. 


Fie. 44. 
fig. 44 (a), Contrast these with the motor effect shown in 
fig. 44 (b). — І 

Again it iS clear that to produce the induced current, energy 
has to be expended in cutting the magnetic lines of force. 
How a Simple Dynamo Works 

A coil of copper is rotated in the magnetic field between the 
poles of a magnet (see fig. 45). The ends are fastened to two 
copper rings fixed on the shaft, the rings and shaft being 
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insulated from each other, Against each ring presses a carbon 
brush from which wires pass to the galvanometer G, whose 
pointer can swing left and right. When the coil is rotated at a 
uniform speed it cuts lines of force most rapidly when it is 
horizontal, 1.e. in position bd, When it is vertical (as shown) 
it is not cutting lines of force at all. The galvanometer will 
thus register a current varying from a maximum to zero 


twice in each revolution. 
Also, as the coil rotates, the 
current will be first in one 
direction and then in the 
Opposite direction, for 
during each revolution one 
end firs& passes up and 
then down. Thus the cur- 
rent is alternating, A.C. 
machines work on this 
principle, the curr ny peing 
led into the оу.) _ireuit 


c 
W 
Fie, 45.—А simple alternator through brushes Nils. p 


е i against the rings, 
we require a D.C.2 machine we must arrange for one brush 


t-hand side and the other 
which ends of the coil are 


ushes. This ig achieved by fastening 


revolution. The current 
MORAG, Seo the current in the external 
circuit is i i 

г DOW always direction, ie, it is D.C. 


Circuit ig now thi 


each of which don "rents in the several coils, 
ributes some hi Н д 
* Alternating ici thing. With four coils the 


* Direct Current, 
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result is shown in fig. 46 and the current is almost steady but 
has a slight “ripple. 

The earliest dynamos had permanent magnets, which were 
later replaced by electro-magnets excited by batteries. The 
great English electrical pioneer, Wheatstone, first showed 


Current 


Segments 
= Уо" AM 


ШШ. у туте 


Current... Resultant with 4 coils 


ЖУА KIRK 
07080955 Time 
Fic. 46.—Single coil with commutator 


that batteries were unnecessary, as there is always a little 
residual magnetism in the soft iron core, so that the dynamo 
may be made self-exciting by putting armature and field 
coils in series or parallel, according to the type of machine 


required, The armature coils are wound on a soft iron core 
built up from thin “stampings” which are insulated from 
Armature 
{ОШ КОК 
Field Coil 


Series dynamo Shunt dynamo 
Tia. 47.—Types of D.C. dynamo 

Series, now obselete _ 4 AA ЕК АЧУДА 

‘Shunt, used for lighting, etc., and work requiring y g 
each other by varnish, ‘This is to reduce loss of cheney de 
to “eddy currents " in the armature, im ge Que UA 
that currents will be induced in any meta eee e a 
in a magnetic field. Two types of D.C. ne ps sho 
diagrammatically in fig, 47 and their a indica: » VS К 

When the armature of a D.C. shunt d уч + 3 Red ; 
cuts the residual lines of force, and a sma eps us a 
in both armature and field coils. This causes the mag 
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field to get stronger and stronger, until finally 
saturated when the current reaches a certain ү. 
the readings of the voltmeter when the m 
up" is most instructive. 


the iron gets 
alue. To watch 
achine is “building 


Further Experiments on Electro-magnetie Induction 
Experiment 1 
Make a second coil sin 


nilar to the one described on р. 29 (fig. 
41). Connect one of the 


se coils, A, toa battery and a rheostat, 

and include a tapping key in the 

g^ Û Primary Coll circuit (fig. 48). Place this coil 

above the other, B, which should. 

be connected to a sensitive 

(ey = galvanometer, (i. Verify that 

Secondary | SH bar] A к re 
Cur B = 6 momentary induced currents ar 

= set up in coil B 
(a) When the current in А is 
started, or stopped, 
(b) When the current in A is altered by means of the 
rheostat. 

Insert a piece of soft ir 

experiments, Explain 


Experiment 2 


Wrap a few turns of copper wire round the core of a horse- 
shoe clectro-magnet in the circuit of which is a battery and 
a switch, S, and con- 8 
nect the ends to 1—2. 
a galvanometer as Armature 
shown in fig. 49 (a). 2222 
Note the behaviour 
of the galvanometer 
when the armature 
is (i) pulled off, (ii) 
replaced, In this 
way the American 
Scientist, Henry, first 


obtained an induced current а year 
Henry was & teacher and was 


on inside the two 


coils and repeat the 
the differences no’ 


ted in each сазе. 


Soft iron ring 


Fro. 49. (а) н 


enry’s apparatus 


(b) Faraday's apparatus 


before Faraday succeeded. 
only able to work in the 
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vacations, and he put aside his work without publishing it, 
as his discovery was made at the end of a vacation. In the 
meantime Faraday discovered induced currents by means of _ 
the experiment now to be described. (It is interesting to note 
that Faraday and Henry had to wrap bare wire with silk to 
insulate it. ‘They could not purchase insulated wire in those 
days.) 

Obtain a soft iron ring about 6 in. in diameter and about 
4-1 in. thick, Wrap round it two separate coils of about 
50-100 turns of insulated copper wire. Connect one (the 
primary coil) to a battery and switch, and the other (the 
secondary coil) to a sensitive galvanometer as shown in fig. 
49 (b). Note the behaviour of the galvanometer needle when 
the current in the primary coil is (a) started, (b) stopped. 

By continuing to start and stop the primary current an 
induced alternating current is set up in the secondary coil. 
The experiments you have just performed show the principle 
of the induction coil and the transformer, which will now 


be described. 


The Induction Coil 

This was invented in 1836 by an American, Charles Grafton 
Tt consists of a primary coil of a few turns of thick 
wrapped round а coil made of a bundle 
lated from each other (fig. 50). Round 
the primary coil is wrapped a secondary coil of thousands 
of turns of thin insulated copper wire, the ends of which are 
Connected to a spark gap. Mounted against the core is an 
automatic make-and-break, which is in the primary circuit. 
The diagram shows & spring make-and-break. s contacts 
are of platinum Or tungsten. A battery an M h n 
included 4Hlle primary circuit, which is Oxley о ө 
circuit of an electric bell. On closing the ae the A 
current flowing round the coil mae р р тч ae 
soft iron armature is attracted, breaking the pn ROSE 
magnetic lines of force die away and the AO ER hn the 
back by the spring. This closes the circuit E ER 
process is repeated. The rapidly changing И dar 
induces a high electrical pressure (voltage ш the M 


Page. 
insulated copper wire, 
of soft iron wires, insu 
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Condenser 


Fra. 50.—An induction coil 


were absent! As a result the 
Secondary induced voltage at the “break”? may be several 
times as great as at the “make,” ang the spark can jump 4 
much greater. Бар at “break” than at “make.” In this way 
Caused to be ing, but always 
in the same direction, which i E eT 
coil is used for X. 
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which has been done on the constitution of the atom. They 
are used for “coil ignition" on motor-cars and threaten to 
oust the magneto, which once ousted them when motor-car 
batteries were less reliable than they are at present. 


The Transformer (fig. 51) 

The core of a transformer, like the armature of an electric 
motor or a dynamo, is made from soft iron stampings. 'Ттапз- 
formers work entirely on A.C., and if put across D.C. terminals 


„laminated Core of soft iron stampings 


D 5 
А.С, 2 A NET 
‚0, A 4 Second. amps 
Generator @ 22 Colne id eto, 
= Low Voltage 
7 222 High Current 
Primary Coil-\ High Voltage 


1Lou Current 


Section of Core 
Fic. 51.—А step-down transformer 


they may be burnt out. A.C. in the primary causes an alter- 
nating induced voltage across the secondary terminals, and if a 
lamp or other appliance is in the circuit a current flows. 
Fig. 51 shows a transformer diagrammatically. 

‘A step-up transformer has more turns on the secondary 
than on the primary coil. In a step-down transformer the 
reverse is the case. The terms “step-up” and “step-down”? 
refer to the electrical pressure or voltage, and not to the current. 
Tt must be realised that the amount of electrical energy taken 
from the secondary side cannot exceed that taken in on the 
Now electrical energy, as you will learn later, 
depends on the product of the current and the voltage or 
pressure, and thus a transformer which “‘steps-up” the 
Voltage will “step-down” the current. $ 1 

Transformers of immense size are used extensively in the 
transmission of electrical power, and their design is the work 
of expert engineers and involves special study of the insulating 


primary side. 
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properties of materials as well as special alloys used in the 
_ соге. In the “grid” voltages of 132,000 used in long-distance 
transmission are stepped down in sub-stations, first to 33,000, 
then to smaller voltages, and finally to the usual 240 volts used 
in the household. The reasons why it is advantageous to 
transmit electrical energy as A.C. at a very high voltage will 


be explained in Part IV of this book. Small transformers are 
familiar in wireless sets, 


QUESTIONS 


1. Describe experiments illustrating the production of electricity 
by moving a magnet near a coil. Show by diagrams the 
direction of the induced current when the magnet (@) 
approaches, (b) recedes from the coil. 

2. A coil of wire connected to a sensitive 


galvanometer lies on а 
table. When it is turned over 


quickly the galvanometer is 
deflected and then returns to zero. 
Explain this fully. 


8. Describe Faraday's experiments th 
led to the invention of the trans- 
former, % 


` 4. Describe how an iron-Gro irons tod: 
! is made up. Draw clear діар 8 
to show the directions of the cur- 
rents in the Secondary coil when the 
primary current is (а) increasing, 
x (b) decreasing. " 
13:927 5. Describe a simple он а о and 
explain how it works, 
and action of an induction coil. 


52, a dynamo-— copy it. Name the 
prineipal parts and complete tho connections so that it i8 
a shunt machine, Include a field theostat in the circuit. 


CHAPTER VI 
THE REFLECTION OF LIGHT FROM PLANE SURFACES 


Introduction—Every schoolboy at one period of his career 
tries to annoy an elderly gentleman by reflecting sunlight 
into his eyes from a piece of looking-glass. Who has not 
been dazzled momentarily by sunlight reflected from the glass 
windscreen of a motor-car, which happened to “catch the 
sun" as it approached ? 

Our eyes enable us to see objects, but unless light comes 
from the objects to our eyes we cannot see them. Bodies 
such as the sun and the “fixed stars," lighted candles and 
glowing lamps emit light and are self-luminous ; but other 
bodies are seen by means of light which they reflect. The 
moon and the planets, also the trees and hills of the ordinary 
landscape, do not emit light of themselves, but are visible 
to us because of the sunlight which is reflected from them. 


Simple Experiments on the Reflection of Light 


6 ves in light it will be convenient to use one 
of the many excellent ray-boxes now on the market.! One 
of the most convenient is the Stephenson ray-box,! shown 
in fig, 53. It contains a motor headlight lamp, the filament 
of which is a very fine straight spiral which hangs vertically, 
and which emits a very intense light when illuminated by 
means of an electric current. 

Several ray-boxes may be worked from the output side 
of a, 240/12-volt transformer by means of sets of six lamp- 
holders wired in parallel (fig. 54). 

The тау рох should be set up on а sheet of white paper. 
Insert the cylindrical lenss in the slot as shown. Drop a 
multiple slit in another slot, in front of the lens. Move the 

1 Such are the “Stephenson” ray-box, sold by Messrs Dick, Son & 
Lewis; the “Tambeam” apparatus, sold by Messrs Philip Harris & Co., 
Ltd.; the “Meier” optical set, sold by Messrs Philip Harris & Co., Ltd, 
For experiments at home the “ Gc ? optical set is excellent. 


LI 
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light to and fro, and note that you may obtain at will oe 
verging, diverging, or parallel rays. Arrange so that parate. 
rays are produced. Replace the multiple slit by a single slit. 


Standard Cylindrical Lens 
4 


Big; 


Strips of thin Plane mirror about 4 in. x] in. should be | 
cut away from a cheap looking-glass, which may be bought 
for a few pence. These may be stuck with seccotine 00 (| 


its on corks, 
ese strips so that it passes throng tie 
rees On a white card an 


53.—The “Stephenson” 


ray-box 


? Lampholder 
Flex to 
Transformer 
or Battery 


3 0 
22 
Motor Headlight with | | 
Straight Filament, which | 

Fre. 54, Fits into ray-box 


Plug & Socket 


is at right angles to the 0° Mark, A | © 
В : * Tange for the ray 
light to Strike the mirror at the “centre B scale. Note 
ion, which are measured 
( n. COPeat several times wi 
es of incidence, Do Р iig 


ЛОР fail to send а ray along 
» Where the angle of incidence is Oi 5 
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Tabulate your results thus : 


Angle of incidence Angle of reflection 


degrees degrees 
The experiment shows that when a ray of light is incident on 
а plane mirror the incident and reflected rays make equal angles 
With the normal. 
This is the First Law of Reflection of Light. 


Now arrange to look along the bench into the mirror. 
You will see an image of the white card. By tilting the 


Seale of 
Degrees 


mirror verify that only when the mirror is perpendicular to 
the card the image of the card is in the same plane as the card 
itself, This verifies the Second Law of Reflection of Light, 
Which is stated thus : 
The incident and reflected rays are in the same plane as 
е normal. А А a { 
Ground Glass—he surface of a piece OF ground glass is 
not smooth bub very irregular—what effect will this have on 
a beam of tight which falls on it? Try to draw а diagram to 
illustrate, What is the effect on the reflection of light of 
wetting the ground glass P. д ! 
he AUAM of ground glass is often described as being 
due to irregular reflection. Do you agree with this? Give 


reasons. z А 
The illuminated signs often displayed on motor-cars in 


4 
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i i fig. 56) 

light utilise the reflection of light by a plane EH K m 

day S directed on to the Sign, which is made о а 
ДЕА rough material which transmits lig 


Clear 
Glass 
Mirror 
Glass with ' 
design on jt 
Fig. 50, —An illuminated sign М 
? canna 
through which, as through ground glass, a clear image 
be seen, | d 
É А Refle 
An Experiment on the Effect of Rotating a Mirror on 
Light 
Set up the m 


irror аз before 
on it. Note the 


ing thes 
Position of the reflected тау. Ке 
› TOtate the 


ar tho 
f P on 
Fig. 57.—An Optical lever, The heat of the hand, placed nes" UE 
metal bar, causes slight expansion whic , 
mirror system Shown 


RE EISE visible by. 
Each time по 


te the a 
Tay. What T. 


d 
ү сёе 
le turned through py the reflect 
do you find 2 1 will ] 
i [ @ mirror, through what angle К 
Тау turn if the m Urns through 20° 2 is ofte m 
f light reflected from a very small mirror is 
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used as a pointer to measure very small movements. If the 
beam is intense the reflection may be made to fall on a screen 
many feet distant, and the slightest movement of the mirror 
then causes quite a measurable deflection of the light on the 
scale, ‘This is utilised, for instance, in delicate mirror galvan- 
ometers used to detect tiny electric currents (see p. 27 (fig. 38)). 
Tts use in an optical lever is shown in fig. 57. 

The Solar System—When you look out on a clear night 
you will observe that most of the stars twinkle, but that there 
are a few bright stars which do not twinkle. 

Tf you observe the stars night after night you will find 
that those which do not twinkle move slowly amongst the 
rest, which always appear to make the same pattern in the 
sky, although as the nights pass by their times of rising and 
setting gradually alter. These stars are called “fixed” stars 
because for ages there has been very little perceptible move- 
ment amongst them. The few stars which appear to move 
amongst the rest were called planets (wanderers) by the 
ancients, and we know now that they belong to a family 
of stars called the solar system, of which our earth is a member 
and the sun is the centre. The planets moye round the sun, 
and the moon, which is a satellite of the earth, moves round 
the latter. A remarkable thing abeut the planets is that 
they shine, not by their own light, but because of the sunlight 
which they reflect in all directions, as does a sheet of ground 
glass, The varying phases of the moon are due to only part 
being illuminated by the sun. When the moon is not fully 
illumined—for example, when it is crescent-shaped—on a clear 
night you may observe that the dark part is faintly illuminated. 
This is due to its catching some of the sunlight which is 
reflected from the earth. The fixed stars are usually suns 
like our own, some very much larger, and at tremendous 
distances from us. 

So far away are they that their distances are given by 
‘astronomers in ‘light-years.’ A light-year is the distance 
light trayels in @ year. As light travels 186,000 miles in a 
second, a light-year is an immense distance. You should 
calculate how many miles it is, The sizes and distances of 
the planets from the sun are given in the following table. 
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Period of 
Mean distance: Diameter: Revolution 
millions of miles miles approx. years 
А 0 866,400 

ө 6 36 3,030 0:24 years 
Venus а 67-2 7,700 0:62 5 
Earth 5 92:9 7,918 100 „ 
Mars . b 141-5 4,230 1:88 » 
Jupiter В 483-8 86,500 11:86 5, 
Saturn п 886 78,000 29:50 2 
Uranus č 1782 31,900 8400 5, 
Neptune. 2792 34,800 16480 >» 


Calculate the nur 
Sun, and compare + 
the nearest fixed s 


mber of light 
his with the ) 


n 
airly large telescope, Mercury is Ww B, 
d eye, but may Occasionally be obser 
etting rapidly in the жез 
Images in Plane Mirrors 
Method 1—Set 


after sunset в 


. Each appears to proceed from the image a 
the filament, an hem backwards the positio" - 
of the image is | 

Join О and T. 


: ido 
22, з пе normal tothe mirror ? What d 
You notice about the distances ОМ and MI? Ai | 
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These should be sufficiently close to enable a conclusion 
to be drawn. 


(Vertical straight filament 
of head-light bulb) 


Fra. 58. 


Tt is seldom that object and image distances are found to 
be exactly the same for several reasons :— 

(а) Errors of observation. 

(b)  , in measurement. 

(c) ,, due to the mirror being silvered on the back. 
The fact that several observations of each distance add up 
to approximately the same gives a strong probability to the 
conclusion that 

The image is as far behind a plane mirror as the object 


is in front. 
1 should try to realise that no measurement can be 
е. for the reasons (а) and (b) just given. Thus no law 


can be exactly verified, but the more times an experiment is 
found to give approximately the в 
same result, the more probable , 
is the fact suggested by the ex- 


periments. 
Method 2—The method of co- 


incidence or no-Parallax (fig. 59). z. 
"Consider two pins, A and В, ob- SAM 
served from various positions, X, ea 
Y, Z, eto, To an eye at X they appear to be apart, and the 
angle BXA is called the angle of parallax. "The angle AYB 
is the angle of parallax to an eye at Y. From Z, which is in 


Angle of 
Parallax 


ы D 
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line with. AB, the angle of ee E 0°. We say that at Z 
i Шах between А and B. 4 
oh poe e to coincide with each other there о 
no parallax from whatever position they are viewed. he a 

that if your eye is at Y and you move to the right, the 

i appears to move to the tight also. п 
Set up a plane mirror with an object pin in front. 60). 
into the mirror and place a knitting needle behind (fig. A 

Observe this over the top of the ОА 

and move it about until eventually al 
appears in line with the image ойма 
points of view, There is then no para Д 
between the needle and the image 29 
the needle marks the image posi 
Verify that the image and object 2 
equal distances from the mirror. Hs 
f you wish to see an image SAMA 
Fig. 60, back of your head you look into a 


«OL 
В irro 
mirror and moye a small hand m 


ter | 
about behind your head. This will be better understood af 
doing the following experiment. 


Images in Two Mirrors placed at an Angle {6 Each Other 


Place а pin in front of two mirrors A and B (fg. 61), A be. 
fixed and В movable to make various angles with A. C 
mence with the mirrors at 180°. 

ow many images do you see? 
Gradually. decrease the angle 


Knitting 
Needle 


Mirror A (fixed) 


Angles - 
Ee to three, four, 


Pra. ÛL. 
ete Try to find the angles pue on. 
at which the changes take place, tabulating as shown О 
the following page. 


а И 
Serve the number of images of the mirrors also. Obser or 
that every time a, new image of the pin Appears, a fresh mitt” 


о 48 
OR . lt is ag though the angle of 360 р 
divided into Spaces in one of Which is the object and in еа© 
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Angle between mirrors | No. of images 


Erom 180 to 120 2 
» 120, 90 3 
51989015 


of the others an image. What difference is there in the bright- 
ness of the images when there are several ? 

The images after А 
the first are formed ENS 
by rays from the 
object being reflected 
two, three, four, etc. 
times from the mir- 
rors. ‘This will be 
clearer after making 
drawings to scale. 
At each reflection 1! 
some light is lost, 
being absorbed by 
the glass. Thus, as 
the angle between the 
mirrors is reduced, 
making more images, 
the added images get 
fainter and fainter 
owing to loss of light 
as the reflections in- 
crease in number. 
Scale Drawings to 
show how the Eye 

sees Images in Plane 

Mirrors (fig. 62) 

(a) The image I of 
a point О viewed in a 


48 General Science 


plane mirror—I and О are equidistant from the шта 
anormal. The eye intercepts a cone of rays which is reflec 
as shown. NM 
(6) The image of an extended Object in: à piane тшн 
Cones of rays are shown from the ends of the object on ү 
Notice the lateral inversio. 


ae which occurs, so that Е 
; image of your left hand ар 
f pears as a right hand. 


" (с) The images in two mif- 
Tors at 90°—The cone of rays 
is shown which forms wa 
'! middle image only. 16 т 
H evident that the light has bee 
i M2 Fixed Mirror reflected twice. £ the 
(d) To see an image o! - 
back of your head. 


yd 2 hand mirror Бе Sra 
and moving it about un b 
image of the back of tbe 


_ is seen in the fixed а. 
Fig. 62 (d) shows how 
Q image is formed. senis 
Tra, 62 (d). The point of the V repre : 


the back of the neck. “% 
Т, is the image in the movable mirror, OM, - M41. 

I, is the image of I, in the fixed mirror. І,М,= №13. 

The direct image of O in M, is omitted so that attention may 

e concentrated on the image Т, A cone of rays from the 
Point of the V is shown, I, is formed by two reflections, 


An interesting use of mirrors Placed at an angle is the toy 
called the kaleidoscope, 2 


The Kaleidoscope 
Into a cardboard tube ab 


Out a foot or fifteen inches long fix 
three Strips of р} 


8 pue mirror at about 60° to each other with 
plasticine ог Sealing 


| А $ кеш GS) Ab ono) end of the tube 
fix a piece of Waxed paper or ground glass on which are some 


This is achieved by placing | 


Reflection of Light from Plane Surfaces 49 


loose pieces of coloured glass or celluloid. Fit a card with a 
peep-hole at the top end, and view a white card, holding the 


instrument at a few degrees to the vertical. 
Rotate the instrument and watch the mar- 


vellous patterns change. 


A Simple Periscope 

You may make a simple periscope by 
fixing two mirrors, A and B, in a long card- 
board tube as shown in fig. 64. The mirrors 
should be fixed at 45° to the axis of the 
tube, and holes should be cut in the card- 
board opposite the mirrors as shown. An 
eye placed at E will then see images of 
objects by reflection in the mirrors A and 


Coloured glass 


24] or Film 


Ground Glass 


Section 

Plane Mirrors 

fixed with wax 
Fra. 63.—The 
Kaleidoscope 


B. Periscopes 


made on a similar principle were used in the Great War by 


Eye 


Handle 


Fra. 64.—Simple periscope 


soldiers in the trenches. 


These and also submarine tele- 


scopes are usually fitted with lenses so that magnified images 


are obtained. 
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QUESTIONS 


1. State the laws of reflection of light. Illustrate by a айша 
À showing an incident and a reflected ray, the normal, 
"the angles of incidence and reflection, 4 
2. Explain why a i n image whereas groun 
glass does not. 


irror 
8. А ray of light falls normally on a plane mirror. The ec 
is then turned through 20°, By drawing find the a 
through which the reflected. тау turns, 
4. Draw a diagram 
mirror. Draw three rays of lig 
mirror and sho: 


Tays all pass through one point, 


showin, 


a 
b) at 60°. Place 
fie accurately тов 
“lateral inversion” ? 
8. Show how b 


Tllustrate by a diagram. 
сап seo an 


А you. 
xed and a movable mirror yO 
ck of your head, 


CHAPTER VII 


EXPERIMENTS WITH LENSES AND 
CURVED MIRRORS 


EvERYONE has seen a searchlight, which uses a curved mirror 
to reflect the beams of a powerful arc-light, and most children 
have tried to set fire to a match or a piece of paper by means 
"ofa burning glass. A flask full of water makes a good burning 
Place one on the edge of a stool in the sunlight and 


glass. 

hold a piece of paper at the spot on which the emergent rays 

are concentrated. Fires are 

known to have been caused in 

this way through a glass bottle 

full of water concentrating the Double lanê Concaro-Convex 

sun's rays on to dry heather or DO uetus 

grass during a drought. "The 

uses of lenses in cameras, I [ ( 

microscopes and telescopes, 

and of curved mirrors in motor- et Eze,  Conrexo-Concave 
Concave Meniscus 


miliar to all. We б 
cars, ате fax MUR Юа. 65.—' Types of lenses 
shall now study the principles 
on which the use of lenses and curved mirrors depend. For 


use with the ray-box half-lenses and mirrors are provided 
which stand vertically on the bench; Various types of lenses 
are shown in fig. 65. 

Insert the cylindrical lens and multiple slit in the ray-box 
and arrange for the emergent rays to be parallel. The 
filament is then at one principal focus of the lens. 

Stand a half-convex lens on the paper in the path of the 
parallel rays (fig. 66). These are now made to converge to 
one of the principal foci of the lens. Measure the distance 
of this principal focus from the lens. Turn the lens round 
and repeat. The distance you measure in each case is the 


1 A lens cut along а diameter so that it will stand up on the bench, 
51 


52 General Science 


si lano-convex lens. 
i th of the lens. Repeat, using ар o i 
i © S you find that the two Principal foci are at ap: 
proximately the same distance from the lens. Р Ж 
The reason why the lens bends the rays will be unders 
later. ` i 
Repeat these experiments, 


allowing the rays to fall on 
half a concave lens (fig. 67) 


- In this case the rays are caused 


Parallel 


Focal Lengths Rays 


Real Principal Focus 


Virtual Principat Focus 
Fig. 66.—А со 


пуех ог converging F 
lens has re. 


ooh) E 

IG. 67.—A concavo or diverging len! 

al principal foci has virtual principal foci 
to diverge by the lens, 

ducing the eme 


The principal focus is found by pro- 
are bent by 


tgent rays backwards, Parallel incident E 
à convex or Converging lens, so that they actual A 
pass through the principal focus. In this case the principa 
focus is said to þe Teal. Tn the case of the concave or diverging 
lens parallel incident rays are bent so that they diverge from 


the principal focus, Such a principal focus is said to be 
virtual or imaginary, 


converging mirror, 

A convex or diverging mirror, 

Measure the focal length in each case and say whether it i8 
Teal or virtual (fig. 68), 


» Principal Focus 
¦, (Real) 


Parallel ~~ 
Incident 
Rays 


n 


(Virtual) 
Concave Mirror Convex Mirror 
Ета. 68, 


E 
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The principal focus of a lens or a curved mirror is the point 
through which rays parallel and near to the axis pass or from. 
which they appear to diverge after leaving the lens or mirror. 
If the emergent or reflected rays actually pass through the 
principal focus it is real; if they do not, it is virtual. 

Other Methods of finding the Focal Lengths of a Concave 
Mirror or a Convex Lens. 

By using a distant object— Place the lens or mirror in a holder 
at a great distance from a lighted window and move a screen 


Parallel Rays. 
froma Point A 
in distant Object 


Screen at 
Focal Plane 
Image of 
Point A 


(a) Convex Lens 
و‎ 


Parallel Rays 
from Point A 
in distant Object 


(b) Concave Mirror 
Fra. 69. 


about until a sharp image is obtained. In the ease of the 
mirror, in order to obtain a sharp image, you may have to 


cover up the outer edge by means of a card with a circular 
hole, so that the aperture is reduced. ' By means of dividers 
ance from the lens or mirror to the screen. 


measure the distat 
Repeat the experiment several times, and find the average 


result for (a) lens, (0) mirror. 
As the object is а great distance from the lens or mirror, 


rays reaching them from a point on the object are practically 
parallel and will come to a focus in the focal plane. This 


will be understood from fig. 69. 
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Focal Length of a Convex Lens using a Plane Mirror 


i i i dboard and 
П triangular hole in a piece of саг 2 
d z d dus light H that it forms an illuminated object 
se 


for the lens (fig. 70). Place a plane 


mirror behind the lens (use a piece of Me 
| Wax) and move them about until e 
image of the triangular hole is es 
ff IS focussed beside the hole. Arrange 28 
Aperture in one apex of the triangle to touch x 
пра image. The rays from this point mu 
Fic. 70. 


have passed along the same path after 


ігор 
reflection in the mirror. The rays from the lens to the mirro 
must therefore be parallel, 


Thus the point considered must 
Бе a principal focus of the lens, 


mirror from a dist 
with your finger, 
finger up and dow. 


ance and try first - image 
By moving the 555 


ГГ 
Еак 
IG. 71. 

Measure the е 


also be found by Setting up the mirror 80 
Tay-box are directed towards the mirror ай) 
а lens. By aneeuvring the lens you cal 


8 from the m Ong their own path as i? 


mirror al 
radius is then easily Measured, 
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N 
1 
1 
1 
П 
i 


Fia. 72. 


Measure the radius and the focal length of several concave 
mirrors by the methods described. 
Arrange your results thus : 


Mirror Radius Focal length Radius 
No. ШП; em. focal length 
Mean Mean 
1 (a) co * on (@) do. do 
(jo. do 56 (9) o. be 


What is the relation between the radius and the focal length 2 


Caustic Curves 

The middle point of the surface of a curved mirror is called 
The normal to the surface through the pole is called 
the principal axis. The principal focus lies on the principal 
axis, The focal plane is a plane through the focus per- 
pendicular to the principal axis. 

Tf you set up à semi-cylindrical mirror on à sheet of white 
paper so that the sun shines on it you will observe a brilliant, 
curve called the caustic curve very clearly (fig. 73). On inter- 
posing a comb the rays forming the caustic become visible. 
You may observe this curve on the surface of a cup of tea 
which stands in the sunlight. 

On a sheet of paper draw a semicire 


the pole. 


le two inches radius to 
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represent the section of 


d al 
a large concave mirror. Draw severa — 
lines a quarter of an in 


ch apart, parallel to the principal axl 
Let AB in fig. 73 be such a теи ^ 
tiny bit of mirror at B may b è 
considered to be plane м 
and BC is normal to д [ 
Make the angle of тейи S 
tion, CBD, equal to ш " 
angle of incidence, AD i 
BD is then the reflecte | 
ray. It will be notice | 
that if B is far from th? j 
pole P, the ray BD meets. | 
the mirror and is оши ^ 
Fra. 73, reflected. Repeat the 
above for all the lines, | 


These represent incident rays. 
Join B to the centre C, the 


ve that on] 
eflected throu 


= 
E 
o 
g 
о 
Е. 
Ө? 
г: 
о 
E 
et 
s 
E 
n 
a 
Е 
= 
> 
н 
© 
E 
8 
ы 


s 
H 
e 
n 
a 
= 
© 
Ed 
B 
& 
o 
= 
& 
= 
E 
© 
21 
5 
© 
= 
т. 
р, 


Graphical Study of the Positions of Images in Curved Mirrors 
The position of the image may be found with а fair degree 

of accuracy from a, drawing to scale, | 
Since we only h rays near the axis it is sufficiently 

accurate to dr 

dotted line sh 
The follow; 
(a) A r 


deal wit 


ould be shown to indicate the type of mirror. 
ng rays should be used ;— 


" reflected Басс along the ¢ 


ocu Which is reflected throug? 
the focus. | 
(с) А tay through the focus Which 18 reflected parallel t9 | 
the axis, 


А | | 
oM of these will pe Sufficient to find the position of th? 
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Images through which rays actually pass are real images 
and may be obtained on a screen. АП images in front of a 
mirror are real. 

Images which are behind a mirror are imaginary or virtual, 
and real rays do not pass through them. 

The diagrams which follow wil show the method. A 
suitable focal length is 8 cm., and height of object 2 cm. 
Squared paper is convenient, as it enables the work to be 
done to scale very quickly and accurately. 

1. Object outside the centre (fig. 74) (say 12 em. from the 
mirror). 

Image is (1) Real ; + 
(2) Inverted ; 
(3) Smaller than object. 


Fie. 74. Fra. 75. 


2. Object at the centre (fig. 75). 
Image is (1) Real ; 
(2) Inverted ; 
(3) Same size as object. 
3. Object between 0 and Е (fig. 76) (say 6 cm. from the 
mirror. Drawing is like fig. 
74. but with О and I reversed. 
Image is (1) Real; 
(2) Inverted ; 
(3) Magnified. 
4. Object at F— Verify that 
rays after reflection are par- 
allel. 
5. Object between F and the mirror (say 2 cm. from the 
mirror) (fig. 76). 
Image is (1) Virtual ; 
(2) Upright (or erect) ; 
(3) Magnified. Ф 


Fie. 76. 


* 
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Summary 


H rom 
Suppose you approach a concave mirror СОВЕ e клы 0 
а long distance, what happens to your image ? ^ NS. 
very small, inverted, real, and near the focus. As y e. 
towards the centre the image moves very slowly Nae 1 ane 
increasing in size until when you are at the centre it is t aa the 
size and under your feet. Then as you move OTe o 
focus, the image moves away behind you faster and i i 
meanwhile getting larger and larger until when. yous 8 
the focus the image is at infinity and of an infinite size. M" 
000 as you step inside the focus the image is virtual, E. 
ing behind the mirror greatly magnified, upright, and ¢ 
towards you as you Eo towards the mirror, 


Convex Mirrors 


0 а series of drawin у ы id 50 
апа centre aro behind the mirror, DAR b 
is the image, which willl 


(1) Virtual ; the 

(2) Smaller Fon 
object ; B. 

(3) Between the fol 


апа the - 11. 
The method of construction will be understood from fig: 


- е. 
Areal or magnified imag! a 
B 5 
Applications of curved MUTOTS—Conyox mirrors are U 
9n motor-carg to show the drive; 
ım. 


driver. 1 
hese points are made clear h } 


i x 
r y fig, 78. If BD isa convey | 
‘or the field of view is between the 


ith a pl Н f th extreme rays He the 
бү plane mirror of the “ame size (shown by U^ 
dotted line BD) the field lew is only ORAS BF and De 
5 Searchlight Consists ed Mirror at the focus 
Which bums а Powerful arc-light. 


3 js nO 
Spherical mirror is 


| 


E 


[ d 
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used owing to the fact, already mentioned, that reflected rays 
some distance from the pole are not parallel. This trouble is 
overcome by forming the mirror in 
the shape of a hollow paraboloid 
instead of a sphere. ‘Then all rays 
from the focus are reflected parallel 
io the axis., The beam thrown 
out by a searchlight would be per- 
fectly parallel if the light emerged 
from a point, but in practice the 
light comes from a small area on 
the positive carbon of the are, 
and so spreads over a few degrees on each side of the axis. 


Graphical Work on Lenses 

The principal axis of a lens is a straight line through the 
centres of the spheres of which the lens surfaces form parts. 

The optical centre of a lens is the point on the principal axis 
through which all rays pass 
without deviation. This is 
point C in fig. 79. 

As we are dealing with 
thin lenses, rays will be 
5 drawn to a line through the 

Fic. 79. 1 
optical centre and perpen- 
dicular to the axis as in figs. 79-82. 

Tn the diagram (fig. 79) AB is the axis, О the optical centre, 
and F the principal focus, or simply the focus. Lenses have 
two principal foci, equidistant from the optical centre. 

Tn finding the position of the image we can use the following 


facts :— 
(a) Rays parallel to the axis converge towards or diverge 
from the focus after refraction. 
(b) Rays through a focus are parallel to the axis after 
refraction. 
(с) Rays through the optical centre Cp 
The following diagrams will show how these principles are 
applied. A suitable focal length is £ cm., and the object size 


Should be 2 cm. 


ass straight on, 
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Convex or Converging Lenses 
1. Object outside 9F" 


(fig. 80) (say 12 cm. from the lens). 


——~ object side + 


Fic. 80, 
Image is (а) Real ; 
(5) Inverted ; 
(c) Smaller than the object ; 
(d) Between F and 2F. 
2. Object at oF” 
Image is (а) Real; 
(b) Inverted ; 
(c) The sa; 
(d) At 2p. 
3. Object between 9p: and F' (say 6 cm. from the lens), As 
(1) but a magnified image and outside op 
4. Object between Е” 
and the lens (say 2 cm, 
from the lens) (fig. 81). 
mage is (а) Virtual ; 
(b) Erect ; 
(c) Magnified; 


me size as the object ; 


there ig 4 


hae БУ between a convex lens 
and a е © mirror is now clear 
down for hi 


he reader should write 


happens to his image when he walks 


8 a Convex lens, 
remember that : 
a Eon a magnified rea] image Q is between E^ and E 
т рй ? 5 б | 
ү e ler nified virtual image (у is between HY an 


. 
4 
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(а) is applied in the magic lantern, cinematograph, enlarg- . 
ing camera, etc., (b) is applied in the simple magnifying glass, 
microscope, etc. 


| 
f 
| Concave or Diverging Lenses 

_ | A concave lens behaves very like a convex mirror, and you 

' should verify that the 

| image is always 
_ (a) Virtual; 
\ (b) Erect ; 
| (c) Diminished ; 
^ (d) Between F and the 
| lens (fig. 82). 
' 13 Worked examples—Straightforward problems may be solved 
by the methods already given. The following example is a 


| 
| 
| little more difficult and is worked in full. 

| A convex lens of 10 cm. focal length forms an image twice as 


Ета. 82. 


big as the object. Where must the object be placed P. 


(a) Real image 
Let the object be three small squares high, Draw AB (fig. 
83) parallel to the axis. This passes through the top of the 


jt Fic. 83. 


‘object, is refracted through F, and will pass through the top 
of the image. As the latter is twice the size of the object it 
will be at D, where [D=six small squares. 

Now draw from D to ©. This will meet AB in the top of 
the object, which will consequently be at E, 15 cm. from the 


lens. 
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~ (0) Virtual image (fig. 84). 


In this case proceed as beforé, but D will be on the object 


ІШ 


t 
F 
i т m 
{ = LEE 


ЧЕ: FETE ў i 3 
И ЛЕ НО i 
MN 
Fra. 84, 7 
side of the leng and six small Squares high. E jg found to be | 
5 em. from the lens, | 
Further Experimenta] Work on Curved Mirrors and Lenses 
Find the focal length of (а) а concave mirror, апа (b) & 
convex leng % 
sing the illuminated triangular hole in a sheet of cardboard | 
88 object, verify by experiments the facts you have discovered i 
In the course of your graphical Work, Placing the object at 
Various distances from the mir 
results th 


Tabulate your 


image from Teal, inverted, 
mirror mirror magnified, or 
_ 


diminished) 


ww 
Experiments with Lenses and Curved Mirrors 68 


Virtual images—To find the position of a virtual image in 
a conyex lens, place a pin for an object about half-way between 
the lens and the principal focus. The image is seen to be 
magnified and on the same УИ 
‘side as the object. Looking аа 
through the lens at the pin, 
try to manœuvre a knitting 
needl&juntil the part above 
the lengialways coincides with 
the 10 е of the pin when 
the head is moved about.t 
This requires a little practice, 
but fig. 85 will help you to 
understand how it is done, 

A similar procedure may 
be followed in the case of à Fic. 85. 
concave or convex mirror, the 
Wifterence being that the virtual images in this case are behind 
inge ar You should verify that for a convea mirror the 


Virtual image of 
object pin viewed 
through the lens 


im are always virtual and erect, but for a concave mirror 
he image is only virtual when the object is between the mirror 


and thi prono 
` QUESTIONS 


x * i 

1. Draw diagrams showing what happens to parallel rays 
falling on both. types of curved mirrors and lenses. In 
each case state if the principal focus is real or virtual. 

9. Describe two methods of finding the focal length of a convex 
lens. 

8. How could you find the positions of (а) the centre, (Б) the 
principal focus, of a concave mirror? What relation 
exists between the focal length and the radius of curvature 
of such a mirror? 

æ 4 Find by careful drawing the position and nature of the 
image of an object 2 ern. high placed (i) 12 em., (ii) 6 em., 
n (iii) 2 cm. from a concave mirror of rnm radius, 
5. Repeat (4) for а convex mirror of the spo radius, 


6. Repeat (4) for à convex lens of focal ieu 4 in. 


1 Method of no-parallax, seo p. 45, fig. 59. 
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Repeat (4) for a concave lens of focal length 4 in, 


A concave mir; 
as the object, 
when the image i 

A convex lens, 
times as big as the Object. Find by drawing the position 
of the object when the image is (а) real, (b) А 


ecu 


| 


CHAPTER VIII 
THE REFRACTION OF LIGHT 


Ler us now make experiments which will help us to under- 
stand why a Jens causes the bending of light falling on it. 

(a) Place a glass block over a straight line on a sheet of 
paper. Draw what you see from various positions. Опе 
view is shown in fig. 86. 

(b) Draw the appearance of a stick in a tank of water 
(fig. 87). 

(с) Notice the appearance of the bottom of a clear pool of 
still water as you approach it from a distance. Verify that 


Frc. 86.—A line 


Жыз iOS: 
A qup Appearance of a stick in water 
A blook Fre. 87. 


when viewed obliquely from a distance it appears much 
shallower than when viewed from above. 
(d) Place à coin at the bottom of a basin. Stand so that the 
tim just hides the coin from your eye. Pour water into the 
- basin, keeping your eye in this position. Descrihe what you 
observe. 
Common examples such as you have just observed suggest 
Chat light gets bent when it passes from one medium to another. 
Таке rectangular block of glass, one side of which has been 
ground by rubbing it on emery paper moistened with a 10 per 
cent. solution of camphor in turpentine. Place this with the 
65 


а тау of light 
described, The path of 


as shown in 
refracted 2 


Sve the block and join up 
S to have a record of what 

Notice that on entering 
the glass the Tay is bent towards the 


Merging ity is bent away 
mal. 


Fia. 88, 


aft 
he Paper. 


the light. Place your 
e glass 


t pins A and B when 
with CD, This suggests 
irough glass, using pins 
angles of. incidence 


S at difi 


and refraction 
ferent, angles to t 


he normal. 


Angles of 


Incidence 


Ref raction 
TT а З 


inei Seovey a simple relation 
{о а gles o i Cidence д 
relation Was f 


s Tefraction by the Greeks. 
Until in 1621 ۾‎ Dutchman named Snell 
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discovered that, although there is no relation between the 
angles, refraction obeys a simple law. This we shall now show. 
Using the traces you have made. draw a normal from any 


Surface of B 
Incidence 


Fia. 89. 


"point A on a refracted ray (fig. 89). This normal must be 
drawn to the surface ВО at which the light enters the glass. 
Produce the incident ray to meet the normalin D. Measure 


CA and CD and find their ratio. Repeat for each trace. 
Results :— 


. CA 
СА CD Ratio GD 


em. em. 


+ should be repeated for different shapes of. 


cperimen 
ECCE of the class should be compared. 


glass, and results 
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ieee roximately con- 
It is always found that the ratio Gp 55 approximately 
stant for the ват 


Students wh, 
with the help 


me block of Blass, 
9 know a little tr 
of fig. 89 that 


CB 
CA GD 8: 
CD OBZ si 
CA 
and thus ыы = Constant, 
sin; 
This ratio un ог с 


sin z 9" gp is called the refractive index from 
glass, Tt is usualy 


Y denoted by the Greek letter mu, which is 
Written р. 


ehometry will easily verify 


alt, Means the refrac 
glass ; 
Passing from 


Шу 
J. Ha Or оша mean, 
glass into air, 

From fig. 90 OD 


GT 


QA And this ig less 


e index of light in passing, 
8 the refractive index in 


than 1, 
1 « 
In fact, =. 
5 olka alg 
о 
3 А B 
Air c ras Plan ЫЎ 
Glass 


Elevation 


Eye 

1 Fic. 91. 

К К Tmage in lock of Glass 

i of top nd ne R prog glass 50 that the &round face 

line AB ( z 9p, ТТ of parallel Sides ig at right angles to a 
Bix a pin O 
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this pin along the line AB through the glass and move a pencil, 
1, point downwards on the top of the glass until there is no 
parallax between I and О for small movements of the eye from 
side to side, The pencil point will then coincide with the 
image of 0, and its position may be fixed by marking the glass, 

Measure the thickness OB of the glass and the distance BI 


to the image from B. Obtain the ratio E This is the ratio 


% Г 
eal depth 
rete apparent depth 


the experiment, looking through the other edges of the glass. 
The ratio is the refractive index, as will be clear in referring 


of pin O seen through the glass. Repeat 


CA 
back to fig. 89. For B= Gp and when C is close to B as in 


your experiment, 
CA BA real depth 
CD BD apparent depth 
The Meaning of Refractive Index—Imagine that a company 
of soldiers AB marching over smooth ground suddenly reaches 


a patch of ploughed land at XY (fig. 92 (a)), but still goes march- 
The line will travel only a distance XA’ in the time 


very approximately, 


ing on, 
A B 
Ton КИТҮ 


Distance in Smooth Ground 


Time't* 
x Y 
Distance in 
Time st’ Rough Ground 
ر ا‎ Е 7 
А B 
(a) 
Fra. 92. 


it took to travel AX on the smooth land. If the line of 
Soldiers meets the boundary XY obliquely as in fig. 92 (b), the 
end Y will be slowed up more than end А, with the result that 
when all the line is on the rough ground it will be parallel to 
XB’, and the new direction will be YB’. Here again AX is 
the distance travelled on smooth ground in the time taken to 
travel YB’ on rough ground. 
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AX speed on smooth ground 


speed on rough ground. 


Speed of light in air 
Thus E а speed of light in glass e 


Speed of light in glass. 
~ speed of light in air Ww. 
Other Suggested Exercises 
Find the теѓа, 
using a thin me 
On its side, 
glass 


ctive index о 
dicine bot 


The refraction of the gl 
is thin in compariso: 


ass can be neglected if the 
n with the width of the bottle. 
Further Study of Refracti 


on 
Consider a Series of rays AQ, BO,. 
а glass surface (fig. 93). The refr 


. . etc., incident at О on 
are bent towards the normal. 


acted rays ОА”, ОВТ. Ра 
А ray, DO, incident at nearly 


A 
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18 called the critica] angle. 
ame rays reversed go that they are travelling 

LOM glass to а The last to е 

Critical angle is 


merge must be D'O. The 
cidence in the 
Tarer medium. 


j us the greates 
denser Medium for the light to 
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What happens if the light is incident in glass at an angle 
greater than the critical angle P 


The critical angle for glass is about 41°-43°. Tt varies with 
the composition of the glass and is always less than 45°. Thus 
total reflection will occur in glass when the angle of incidence 
in glass is 45°. This fact is made use of in totally reflecting 
prisms (fig. 94). These are made of 
glass, and their angles areA5°, 90°, 45°. 45 

Set up prisms as shown in fig. 94: 

(a) Turning a ray through 90°. 
(b) Two prisms, each turning a 
тау through 180°. 

(a) is used in periscopes ; (b) is used (a) 
in prismatic binoculars. \ ў 

Explain carefully why it is possible 
for the prisms to behave in this way. 

Prisms for use in this way are ex- 
pensive, for their faces and angles must: 
be very true. At first sight it may 
appear that plane mirrors would do 
the work equally well and at much less 45° (b) 
Cost. In practice it is found that nee reas 


totally reflecting prisms are immensely 
Superior to silvered mirrors, because the latter reflect much 


less light than the former. It is true that the glass of the 
prism absorbs а little light, but much less than is lost at a 


° 


mirror, 


What a Fish may see | 

Pi ws how a fish sees an angler sitting on the 
кыре ы, head appears to be along line ОА. No 
‘Wonder the fish is easily frightened when the angler appears, 
The fish sees the whole horizon outside the water within the 
shaded cone shown in fig. 95. It also sees the bottom of the 
pond both directly and by total reflection. The refractive 
index for water is 1:33 or 4. Find, by an accurate drawing, 
the size of the angle of the double cone shown in fig. 95. 


(Answer 2 x49=98°.) 
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Real focus | 
Sign of f is- 


Concave ma Virtual focus | 
Sign of f is + | 
Fia. 96, | 
АП гаув Starting from a Point О, after refraction in Been 
pass through, or appear to diverge from, a point I whi 
called the image of point О. t Ё 
Other Examples of Retraction 
Atmospheric Refraction 


The atmos 
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see the sun when it is really below the horizon. This is 
illustrated in fig. 97, which shows how an observer at A sees 
the sun in the direction AB when it has really set. 

_ You have probably observed that when near the horizon 
the sun often appears oval-shaped. This is because rays from 


Fic. 97. 


the lower edge have to pass through a greater thickness of air 
than rays from the upper edge, and in consequence they are 
refracted more. ‘Thus the vertical diameter appears to be 
decreased, whilst the horizontal diameter is unaltered. 

The Mirage—This phenomenon is an interesting example of 
total reflection. On a hot day pools of water appear to be 


lying along a level tarred road, and approaching traffic is 
reflected from them as though in a mirror. This is particu- 
larly noticeable when the eye is only a foot or two above 


Object 
am^ Cool air 


Image 
Fra. 98. 

de . Thirsty travellers in the desert are often misled 
s ce of a lake of water. The cause of this will 

Bee boning od from fig. 98. OU А 
The ed d being very hot, heats the air in contact, which 
then becomes more rarefied near the earth than up above. 
"The ray of light AB is then refracted more and more as it 
passes gradually into the rarefied layers and may become 
totally reflected at C, entering the eye of the traveller from 

6 


of, 
tee looks as if it is on the bank 
а pool of water. 


7 readin, 
Mirage may be obtained in the laboratory by sp 
a thin leve] layer of Sand o 


-iron 
n a sheet of asbestos or sheet 
White card 


Appearance 
of Objects 


Fig. 99, 
heated р 


: as d 
Y а long Вав-ріре with Several holes at which the g 
burns, lamp Underneath ill 

Small black 'd 


i 'een, and 
uminates a white scree Й 
Oar Bures about a 
on the sand 


Dear the Screen, ‘The fig. 


em. or so high are put 
ment and the a; Pearance of the 


99 shows the arrange- 


Objects, 
4 
QUESTIONS | 
1. Dray 8 diagram Showing атау of light; passing from ia 
Tectanoulay block of gf ad out again. Mark i f the! 
be f incidence and Tefraction at the first face o. | 
block, ) 
2. What iS meant Y refractive index? Ilustrate by the help 
of a diagram, 
raw agra 


| 
diagram and explain how a “ay of light from the eu 
шау Teach the eye after the sun has 
4. Wha 


Teally “set.” ( 
by total Teflection 9 Tilustrate by reference 
o diagr, 

5. Sho how al Teflection 

6. Describe 


© used in glass prisms, 
Tage and explain the Phenomenon, 
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OPTICAL INSTRUMENTS: MICROSCOPES, TELE- 
SCOPES, THE CAMERA, THE EYE 


COMBINATIONS of lenses are used in optical instruments, the 
more familiar of which will now be described. 


The Simple Magnifying Glass or Reading Glass 


You have learnt that a convex lens gives a magnified image 
of an object placed inside the focus. Fig. 100 shows how the 


Fra. 100. 


үр is formed, and fig. 101 shows the eye looking at such an 
image. 

The Astronomical Telescope 

| Obtain two convex lenses of about 15 to 30 cm. and 2 or 3 
cm. focal length. Prepare two cardboard tubes which slide 
into each other and which will give a total length just over 
ithe sum of the focal lengths of the lenses you have selected. 
The wider tube should be a little wider than the diameter of 
jihê larger lens. Near one end of this tube fix four small screws 
for the lens to rest against, and fasten it in with the help of 
rubber bands. 

Cut a piece of cardboard to fit the smaller tube (fig. 102). 
Cut out a hole centrally for the small lens, and fasten this in 
with the help of sealing-wax. In the same way fix the card- 
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made an astro- 

of the tube. You Payel Er 

WW ; ү AE by sliding the tubes you can оа 

потісаћ telescope, BE Ae » 

image is inverted, but t x 
is no drawback when o 

serving the stars. , 
o. from a distant 


Rays from a 
distant object 


—] = 
(а) Showing construction for finding 
image position 
с.а 


ENES 


Nomical discoy, 
observing a st 


eries have been made, 
ar, the instrum 
image T, is at j 


In practice, when 
ent is racked ou so that | 

infinity. The two lenses are then separate 
istance equal to th 


= Sum of their focal lengths. The 
and image being eac i 
agnification Cannot, 


by ad 
object: 
the m be €Xpressed ag 
Size of image 
Size of object? 

tio of the 

angular dimensio 


ns of the image 
angular dimensions п Mago 
at the eye, 


їз of the object 


but is defined as the ra 
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The magnification of an astronomical telescope may be 
shown to be equal to the ratio f 
focal length of the objective 
focal length of the eyepiece’ 


and the separation of the lenses when viewing a distant object 
is the sum of these focal lengths. Thus an objective of 10 in. 
focal length and an eyepiece of 1 in. focal length may be 
made into a telescope when mounted in a cardboard tube 
11 in. long, and the magnification will be 10. 


The Compound Microscope (fig. 104) 
In this instrument two convex lenses are used, The object 
is placed just outside the focus of the objective, which forms 


Objective 
B 


(a) Showing how image position is found. AB and CD are parallel to 
the axis. AC and CE pass through the centres of the lenses. 


(b) Showing rays traced right through the system from the tip A. 
of the object. 


Fra. 104, 


a real, inverted, Magnified image at I,, which is arranged to 
fall inside the focus of the eyepiece. This then acts as a 
simple magnifying glass, and the eye placed close to the eye- 
Piece sees at I, a virtual magnified image of I,. The objective 
and eyepiece are at a fixed distance from one another, and 
by focussing, the image I, is arranged to be at the near point 
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of the eye. For a normal eye this is 25 cm. The image is 
inverted. 


The Enlarging (or Magic) Lantern (fig. 105) 


А condensing lens C is placed so as to make the light from 


a lamp $ converge so as to fill the aperture of the focussing 
lens L, so illuminatin 


g the slide O uniformly. The slide 
is at a distance between F and 2F away from a lens L, which 
then casts a magnified real image on the screen, То obtain. 
an upright picture the slide is inverted. 

Focussing is easily done by means of a screw which alters 
the distance between lens Т, and the slide 0. 


Y 


This consista ОЁ à dark box 
Provided with « 


c Stops” to re 
entering the lens, and a Sensiti 


The Optical System of the Eye 
The human eye resemp] 

А, bles the camera in most respects, The 
ckness of the lens T, may be altered by means E: the ciliary 
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muscle, and thus the focal length may be varied. A screen, 
the retina, receives the images formed by the lens. The 
aqueous humour A and 
the vitreous humour V 
are fluids which, to- 
gether with the lens L, Iris 
really make a combina- T 

tion of lenses. In 

front of the lens is the <= отива 
pupil, which admits 
the light and is auto- земе 
matically adjusted in 
size by a diaphragm 
called the iris, so that 
the eye does not re- 
ceive more light than 
it can endure. The 

whole is enclosed in a — "ate ens 


Solerotio 


"an А К 
thick horny coating, Screen А 


the sclerotic, which, in 

front of the lens, is 

transparent and called 1 

the cornea. The retina Ета. 106. 

consists of the sensitive е 
ends of the fibres of 
the optic nerve, which 

enters the eye at some B 
distance from the optic 

axis. This part of the 

retina, known 28 the 

blind spot, is insensitive 

Ries Fre. 107. 


The diagrams (figs. 
106 and 107) show how the eye and the camera form < 


inverted теа] images of objects. That we see objects the 
right way up is because of the way the brain interprets 
these images. Focussing, in the case of the camera, is done 
by altering the distance of the lens from the screen ;2 
3 This is the case with the frog, see p. 202, 


1 Compare pages 202 and 203. 
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in the case of the eye this distance is e D M uod 
lens. is alter: о 
le alters the focal length of the p ^ ora 
of focal length to suit vision when the object distance varies 18 
called accommodation. The 


Defects of Vision 
The commonest are 


(а) Loss of accommodative power, 
(6) Short sight (Myopia), 
(с) Long sight (Hypermetropia), 
(d Astigmatism, 
(а) occurs mainly in old people who lose the ability to alter 
the thickness of the lens. Such Persons require two spectacles, 


one for viewing distant objects and the 
other for rea, 


ding. Nowadays these may 
ined in one pàir of glasses, the 
Upper part A providin: i 
ES OWer part B 
Fic. 108, 108). 


(b) Short-sighteq People have too long an 

eyeball and Can see near Objects с] 
cannot make un enough for it to foc 
distant Objects on the retina. hen the е 
Ought to a focus in fro 
distant Objects, tates: 


us images of 
ye is at rest these 
^! of the retina, Such 
5 to enable them to seo 


be illus of an. 
scribed in Bra 8 . tated by means 


; . flask 
5 verse of Light. A flas | 
` to which a little fly, Tes: T dded- : 
Parallel rays from an Optica] box fa [oim has been a 


ength and May be 
means of the 


o L 
angi traced inside the flask by 
‹ Uoresein (fig. 199 а 
Placed in front of th 


as le | 
early, but the ciliary muse 
the lens thi У 


| 


Optical Instruments ` 81 


can be accommodated to view distant objects but not near 
Objects. When the eye is at rest rays from distant objects 
are brought to a focus behind the retina. The defect and its 


Water & Fluorescin 


Parallel 
Rays 


"Retina" 


Eye at rest Eye at rest. 
"Fra. 109.—(a) Illustrating short sight, and (b) its correction 


cure may be illustrated by experiment as shown in fig. 110. 
The additional convex lens increases the accommodative 
power so that rays from near objects can be focussed. 


л € 


Eye at rest Eye at rest 
Fra. 110.—(a) Illustrating long sight, and (b) its correction 


(d) Astigmatism is due to the lens of the eye having different 
curvatures in different directions. It is corrected by means 
of a suitable cylindrical lens. 


" 4 QUESTIONS 


1. Describe the optical system of a reading glass. 
2, Explain with the help of a diagram how a compound micro- 


scope WOIKS. 
3. Describe an astronomical telescope and explain how it 


" works. E 

how by the help of a diagram how a magic lantern works. 

5. Compare the human eye with a camera, pointing out any 
similarities and. differences. 

6. What is meant by (a) short sight, (b) long sight? How is 
each corrected? Illustrate your answer by means of 


diagrams. 


CHAPTER x 


IMENT PRISMS. 
5 WITH TRIANGULAR GLASS 
T COLOUR. SPECTRA 
Experiment 1 a 
When the sun ig shining into the laboratory hold a 3 
angular glass prism in the path of the rays, By turning 


round you should be 


able to get a brilliant 
patch of various colours 
B [| 4 On the wall or the floor 
(b) UZ (fig. 111). EN. 
Fix the prism in 
clamp which can E 
turned in a retort Бап 
he prism js rotated. Тһе 
r is called a Spectrum, and you will find it is 
the deviation is least, the laboratory can 
V 


and notice What happens as t 


Fra. 112 —Disgram Showi, 
decom posi 


In his own 

У У and saw the refracted light 

Image of the Sun first to descend and 
82 
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- . When the image seemed stationary I 
and fixed it in that posture. . . - In that 
posture the refraction of the light at the two sides of the 
refracting angle, 7.e. at the entrance of the rays into the prism 
and at their going out of it, were equal to one another.” 

Newton noticed that the ends of his spectrum were curved, 
and he concluded that he was observing a series of overlapping 
coloured images of the sun, showing these by the sketch 
(fig. 111 (0)). He gave the order of the colours as red, orange, 
yellow, green, blue, indigo, violet (fig. 112). 


then to ascend. . 
stopped the prism 


Fic, 113. 
Experiment 2 
Allow the spectrum to fall on a card with a small hole in 
it as in fig. 113 and insert a second prism as shown, between 
the card and a sereen. Move the card so that the hole passes 
gradually from V to В. Note that there is no further 
splitting-up of the light. In this way Newton satisfied 


himself that the various colours were not further decomposed 


by a second prism. 


Screen 


Fic. 114. 


Experiment 3 
Insert a large conve 
screen, so that it cate 


x lens between the prism and the 
hes the whole spectrum (fig. 114). 
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Move the screen until all the rays are brought to a focus. The 
result is white light. 


The experiments Suggest that white light is really a mixture 
of various colours which is spli 


t up by the prism into its 
various components, The lens causes these to recombine 
and form white light, 


Experiment 4 


instance, whit 


Complementary colour (white 
minus the spectrum colour) 


" Чч Green 
Yellow | б 7 p 


2 tain cans 
iy qi es bo nn рейип Бу шшш 
ideal Source, anq Our sets ma; Pus nt c nobile шш makes Эд 
in the centre of a Square bench. ^ Ame lamp if it is fixed 

J Means of 4. lens L focus an image of the flament on а 
he prism and MOVE the screen to ons side 
"box Шау be used, 


en insert t 


l Or the гау 
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and also the prism until the spectrum is clearest (fig. 115). A 
piece of cardboard may be placed so as to cut off the doct 
light. The spectrum is said to be pure because all the rays 
of a particular colour are brought to a focus at one place К 


Filament 
(Before inserting 
Prism) 


lament АЛД ANGE SERES Sem Nes pee М | White Image of 


Experiment 6 ^ 
You should obtain a series of coloured gelatine films—the 


Wratten filters supplied by Kodak are excellent and include 
pure red, blue, and green, and also complementary filters.1 
Place in the path of the light 
(a) A pure red filter. 
(b) A pure blue filter. 


(c) Both the above. 
Does the filter turn the whole spectrum into one colour ? 


Tf not, describe what it does in each case. Try to explain (с) 
Now insert other filters in the path of the light and describe 

in each case. 

ount for the colour of a colour filter 2 

-24 Floral Street, W.C.2, supply largo 


What you observe 
How do you acc 
1 The Strand Electric Co., 19. 


Sheets 22 x 17} in- at Sd. each. The most useful are:— 
Red + D . p . No. 14 
Green . . . ey 24 
Blue - 12 20 
Yellow о ap) x 
Magenta — . з а D 2553. 012 
Peacock blue 3 y k > 9 15 
Purple „ 25 


(See The Science Masters Book, vol. i, p. 71—8 most interesting series 
Of experiments on colour is therein described by E. G. Savage.) 
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Experiment 7 ] 
P across the spectrum in turn a series of coloured M 
ed, green, yellow, blue, ete. In each case state what m 
SED and particularly note any pure colours. What is 
appearance of a pure red wool 


(a) In the red light of the Spectrum? 


n light of the Spectrum? 

e light of the Spectrum? 

ount for the colours of the fabrics 2 
Experiment 8—Pigments 


You are aware that painters Obtain green by туны d з 
апа yellow Pigments. Tf these Colours are pure they or 
give black when mixed. Since green results, we are driva F 
the conclusion that the colours Are not pure but that greer 
common to both, 


: n 
Verify this by Placing each pigment in {їшї 
in the Spectrum of white light, 


Experiment 9 


Experiment 10 


You should examine th 


© Spectrum filament ав 
is js gradually made hotter by c She Шыр 
Serted in ircuit, 


utting ont a DIR NN A 

е Observatio". by loo Р 
through a Prism, the Tefractin Ce to the 
lament, Note 20W, аз the ire gins +, T first red 
Appears and t кы cs added in 
ot a full continuous 
t solids give continuous 


: 58. 6d. a dozen, 
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The Spectra of Glowing Gases 

If a discharge from an induction coil is passed through 
a tube containing the gas at low pressure the gas glows. 
Tubes for this purpose are usually of the shape shown in 
fig. 116, and the narrow part of the tube emits an intense 
light when excited as described. Observe the spectra of 
various gases by looking through a prism with its refracting 
edge parallel to the tube. Note that the spectrum of gas con- 
sists of a series of bright lines. Each has its own particular 


ә 


Fic. 116.—Spectrum tube for gases 


spectrum, and from the position of the lines the gas may be 
identified. It is usual to view the spectra of vapours and 
gases through some kind of spectroscope, which instrument 
incorporates a narrow slit, lenses, and prisms so arranged that 
the observer views a magnified spectrum through the eye- 
piece. If you view а sodium flame through such an instru- 
ment you will observe simply two fine yellow lines very close 
together. Thus, such a flame is а very near approach to 
light of one colour, or monochromatic light. 


The Solar Spectrum 

On observing the spectrum of sunlight through a spectro- 
scope you will observe a continuous spectrum crossed by a, 
series of dark lines. ‘These are called Fraunhofer lines, after 
the man who first studied them. In the yellow you will find 
the two lines characteristic of sodium but black instead of 
yellow. The other dark lines, of which there ‘are several 
hundred, are all found in the same place as the bright lines of 
the ОЕА spectra of certain elements, and for a long time 
the reason for their being dark was a puzzle to scientists. In 
1861 Bunsen and Kirchoff solved the puzzle and showed that 
the dark lines are due to the absorption of some of the light 
from the intensely hot interior of the sun, by cooler gases and 
vapours in its atmosphere. Thus from the study of the 
spectrum of the sun and the stars scientists have discovered 
Some of the materials of which they are composed. In all 
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cases it is found that the stellar materials are of the same 
nature as the materials which compose the earth. 


Why is a Prism enabled to split up White Light ? 


You will remember that to explain the refraction of light we 
decided that th ight 1 i 


Violet Image. 
GEI Жез: 


he Science Masters Book. лч Colour are described in 


H а wing h i > i 
prism is split up into SL EE white ray falling on & 


ining the Coloured rays of ques- 
* Ilustrate by drawings, 

Wing, h 1 tain 

Ure spectrum of white ligt ini 
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4. Explain the action of (a) a pure blue colour filter, (b) a pure 
red wool, when white light falls on them. How could you 
verify your explanations by experiments ? 

5, What will be the appearance in sodium light of coloured 
wools which in white light appear (a) red, (b) yellow, (c) 
blue, (d) green? Give reasons. 

6. Distinguish between a continuous spectrum and a bright 

line emission spectrum. Which of these is characteristic 

of the substance emitting the light? 


CHAPTER XI 


AND 

THE LAW OF CONSERVATION OF pa 

THE LAW ОЕ CONSTANT PROPOR! E 

: Teac 

Bxronz one can Bet a clear understanding Rx. Ue 

Which occur between chemical compounds, a nud deter 

amounts of Substances Which react together d laws which 

mined, it is necessary to consider fundamental 

govern such reactions, t which sums 
A law in science is simply a general statemen: m the basis 

up a number of isolated facts. These laws op 1o be an 

of scientific theory; in fact, а theory may be ҮН, give 

attempt to make laws understandable to our min 7 

them point. 


estruc- 
The Law of Conservation of Mass or the Law. of. Ind 
tibility of Matter 7 during & 
In order to show that there is no loss in weight iment 18 
chemical Teaction, it is essential that the хро escape 
conducted in а closed vessel so that there can be no À 
of any of the Materials used or formed, i ent: 
The divided flask (fig, 118) is used for this erde into 
У Means оға Pipette run а Solution of Sodium К а 
one Compartment and a other. 
Culver Nitrate into. Misc 
Cork the flask and. weigh i is mix. 
the flask во that the ОТОП 
А i recipitate E in. 
Chloride is NE) Meee оз j 
variety of solu om- 
used and the results au 
trie Chloride and So and 
Hydroxide; Nickel Sulphate Car- 
Sulphide . Copper Sulphate and Sodium 
uite Suitable ) 


90 


01 


Sodium Chloride 


Silver Nitrate May be 
Fig, 118, 


Ammoniu 
Onate 


m 
are 
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The results of the above experiment in which many sub- 
Stances have been used can be summarised in a general 
statement as follows :— 

There is no change in total weight when a chemical re- 
action occurs, or The total weight of the reacting substances 
is the same as that of the products formed. 

This law was first stated by Lavoisier in 1774. The 
experiment which he used may be repeated quite easily in 
the laboratory. A weighed quantity of tin was enclosed in 
а sealed vessel full of air. The vessel and its contents were 
weighed. The vessel was then heated, and the tin changed 
colour and a white powdery oxide of tin was formed. The 
tin had combined with some of the oxygen of the air. After 
cooling, the vessel and its contents were found to weigh the 
same as before. By means of further experiments Lavoisier 
went on to show that the tin had gained just as much weight 
as the air had lost. ? 
Chemical Compounds are Constant in Composition 

This fact was referred to when compounds were first 
discussed (Part IT, p. 10). 1 д 

The French chemist Proust in 1799, after analysing a large 
number of compounds, both those occurring in Nature as 
Minerals and those prepared in the laboratory, made the 
following general statement which is called the Law of 
Constant Proportions : * A chemical compound, no matter how 
it is prepared, always contains the same elements combined 
together in fixed proportions by weight. 

A great controversy took place between Proust and another 

rench chemist Berthollet (1748-1822). The latter chemist 
thought that the composition of a chemical compound could 
vary, Most of the examples which Berthollet cited were 
Shown by Proust to be mixtures in varying Prop usto fe) 
c The controversy occupied about five 


or mi mpounds. а 
Perr son 3) but at the end of that time Proust had 


definitely established the law of constant proportions, | 
The difficulty you will experience 1п verifying the law in 
1 It is also called the law of constant composition and the law of 


definite proportions. 
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the laboratory is t 
Composition of which 
An interesting an 


;hich 
d Teasonably simple compound de E 
you can prepare is Cuprie Oxide. lt can be p T. will 
Several ways and then each Sample can be analysed. 


В Р, р 5 selves 
Save time jf Various sections of the class make them 
responsible for q; 


а ways 
erent parts of the experiment, aly Es 
remembering that a mistake made by any one section 
Spoil the result. 


А Square inch е copper foil into an 
evaporating bakin. Over ue Nitric Acid (50 per PN 
oq; 209-20 Der cent, Water) and heat in a fume cupboar A 
adding More acid if required unt all the copper has an 

. O dryness an finally heat very strongly until a Ж 
converted Into "prie Oxide ‘nd no more fumes are evolved. 
ollect all the samples made in this way in a crucible and AE 
"anges Pressed as follows :— 


heat 


¢ > Copper Nitrate ——> Cuprie Oxide. 
Section (ii) 


Of Cupric Oxi er Sulphate 
9 à Solution pric Oxide from Copp 


(зн Der Sulphate in a beaker add a зо 
is Slight] al mage m slight excess (2.e, until theo | 
nd then filte x. ^O. Boi Until the Precipitate is quite blac 
i ie € residue thoroughly with hot dis- | 

i е water dripping from the funnel no Шр | 
18 to he ор M Ue. This is most important if a good m : i 
i е ауа The Whole of this “ection of the class should. § 
is Collector И arge funne] for ltering 80 that all the residue 
Oven, re o «QI filter Paper. ry ‘the residue in a steam v 
in бе QUAM Oven ; апае age an агарда n 
\ Я ы been found quite effective ea 2 
In tho dau: "pric Xide is collected in a crue a i 
“Slecator u ti required by Section (iv). — | 
* See p. 11g, 
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The chemical changes may be expressed as follows :— 


Sodium Hydroxide heat 
Copper Sulphate.» Cuprie Hydroxide ——> Cuprie 
(blue precipitate) Oxide, 


Second tin with 
holes punched 
in lid. 

[Biscuit tin] 


-Cork supports 
(about 4) 


Tin Can 


Tic. 119. 


Section (iii)—Cupric Oxide from Copper Carbonate 


Heat a sample of pure Copper Carbonate in a crucible until 
there is no further loss in weight. The resulting black powder 


уа код 
is Cupric Oxide. Me 

Copper Carbonate —> Cupric Oxide + Carbon Dioxide |. 
Section (iv) * | 

While Sections (i), (ii), and (iii) are preparing samples of 
Gupric Oxide, the fourth section should fit up the apparatus 
shown in fig. 120. : 

Three porcelain boats are heated to drive off any moisture 
which may be collected on the surface of the porcelain, and 
then cooled in а desiccator. They are then weighed. The 
Cuprie Oxide prepared in the three different ways is introduced 


1 It may be most convenient for this section to be done as а 
demonstration. 
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. Tt is wise 
i һе respective boats, and the boats Rett outside 
PUO the boats quite to the top and to M dr. put into 
ae carefully before weighing, The boats бан glass rod OF 
the furnace tube and pushed into position by 


"TD 
Boats containing Сиргіс Oxi 


Hydrochloric 
Acid 


Water Chloride 


Fig. 120. 


slow stream is pass 
and finally Over 


ed throu 


7, 4m the 
© powdered Cupric UR Hs m 
The Hydrogen is co ted until 
а test tube (fig. 1904) and таа 
s УГУ feeble explosion ны. the 
then safe to light the ene а, 
furnace tube. After heating Ee. 
for about ten minutes the tube 
«рын urners ате shut off И m time. 
оо], Togen bei ugh a 
When cool, the Hydrogen Bate DS and Ao en 
fick Ег are Weighed, and then the boats are replaced Wo 
ne небе Or а further eating. (It is necessary to 
if 2 "ogen Again before li ting the Eas burners.) loss in 
Weight M ЫЕ à second time there is no further ү їп 
Weight the p Derimeng ig Mpleted. те there is irked the 
1 he bg, must be reheated and weighed until 
* This jg 
Ot the heating p 


ing 
the only method of i. 
as been continued long en: 
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Hydrogen is used in is experiment as a reducing agent. 
Tt removes the oxygen f 4 the Cupric Oxide, combining with 
it to form water. 

The following results were obtained by a class of pupils 
performing this experiment in the manner described above :— 


Ist 2nd 3rd 
sample | sample | sample 

‚ grm. grm. grm. 

Weight of boat . а : à 5-14 4:82 5-16 
"m 27 + Cupric Oxide . 5:69 5:28 5:67 

» » + Copper (i) . 5:57 5:20 5:59 

M S + Copper (ii) à 5:57 5-18 5:56 

"m d + Copper (iii) д 35 5:18 5:56 
Weight of Cuprie Oxide used 0-55 0-46 0-51 
»  » Copper left . 5 0:43 0:36 0:40 

-. per cent. of Copper in Cupric 
| Oxide . b ё " . | 78-2 78:2 78-4 


This experiment has been described in detail to show the 
care necessary to verify a chemical law. 


QUESTIONS 


1, Describe carefully how you would prepare Copper Oxide 
| from Copper. How would you reduce it to metallic 


formed in addition to Copper? How would you verify 
this? 


8. What experiment would you perform to find out the weight 


of Copper which will combine with 8 grm. of Oxygen ? 


4. Who first formulated the Law of Conservation of Mass? 
State the Law and say how you would attempt to verify 
| it, What is another name for it? 


| 


Copper? 
9. When Hydrogen is passed over heated Copper Oxide what is 


CHAPTER хп 


LENT 
POYLES LAW. CHARLES’ LAW. EQUIVA 
WEIGHTS. LAW 


OF MULTIPLE PROPORTIONS 
Equivalent Wej 


Ehts of Metals 


eady Studied ( 
common minera] Acids on ir 


nesium. Tn the Case of Hydr 
Acid, when ther 


Part IT p. 22) the action of Es 

on zinc, tin, copper, 2 hi 

ochloric Acid and dilute RP 

© Was any action at all, Hy: orogen dilute Nitric 

2 ПО Саве except With Magnesium and cold M a metal on 

Acid was Ydrogen evolved by the action o 

Nitric Acid, hloric 
You will now study the Quantitative action of Чуб 

Acid and dilute Su Puric Acid on metals, f Hydrogen 
It is Possible fo, You to measure the volume o tal dis: 

liberated whe 2 weighed а particular meta 

Solves in ап aci 


the weights of Mens 
Erm. of Hydrogen. These еіс! 
Weights, 


аа hor vallis 
Owing to the variation ee enn 

8 Wl accompanies changes in tenpoa 

pressure, For 'Чгрозев of 

ditions, standard 


imilar con- 
Omparison under pede to b 
tempera; nre and pressure h ectively. 
ed, ani Se в rds are go С. and 760 mm. bes 
hese arı x ` Standar 
| Û refe 0 Р. or NTP. 
sperata Tessure ?> 
Pressure > 


Оп to fing ou 
AŞ var: £ "nt 
temperature, to ul : е With +} 


ay һе 


7 f 
t how the volume 0 
ne КОП, and with th 
able to adjust the volum 
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Relation between the Volume and Pressure of a Gas at Constant 
Temperature 


The Hon. Robert Boyle, son of the Earl of Cork, was born 
in 1627. While still a child he learnt to speak Latin and 


Robert Boyle 


(French, and at the age of eight he went to Eton. He left at 
the age of eleven and for six years he travelled abroad with a 
French tutor. My: 
On returning t0 England in 1644 he devoted his life to 
He took a prominent place in the band of 
linquirers known as the “ Invisible College ESSA society 
klevoted to the study of science and which grew into the 
Royal Society, the oldest scientific society in Great Britain 
| hnd one of the oldest in Europe. 
| 
} 
! 


j 


| 
‘scientific study. 
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Amongst other thin 
young and enthus;i 


the volume and the pressure of air. From common-sense 
observations Boy. 


ew that the volume diminished as the 

pressure increased, He suspected that the pressure and 
volume were in reciprocal 
proportion. By this is meant 
that if the pressure is 
doubled, the volume is 
halved. If the pressure is 
increased three times, the 
volume becomes one-third, 
И andsoon. The experiments 
which he performed in estab- 
lishing the Law that now 
| bears his name are best de- 
Й scribed in his own words : 
| We took then a long glass 
f tube (fig. 121), which, by a 
dextrous hand and the 
ОЁ а lamp, was in Such a 


Barometer 
29 ГЛ 


Inches, each 
divided into 
8 parts 


nn И Test of the tube, and the 
SYphon (ig y rifice of this shorter leg 
hermetically Seale ed 80 call the whole instrument) bein 
Incheg (each of uh ms length of it was divided inte 
: n Straight list f ba ves Subdivided into eight partsi 
quick] Шу pasted ES Which, Containing those divisions; 
t] phon, tha Ta ed to el h a иШ MUR 
n t) in. у bende 
to the ud wet he bott a in a level might reag] 
Freshy Y бодпо 10 OF одон е divided paper, and just 
reely р ntly 


ы TA al line in he other, we iy 
a fro ne Ten ШЕ the tu De, во a the air о 
index \ too) 9 the other by the sides of ¢h 
that the air at last included 
© of the same laxity with +h 
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rest of the air about it. This done, we began to pour quick- 
silver into the longer leg of the syphon, which by its weight 
pressing up that in the shorter leg, did by degrees straighten 
the included air; and continuing this pouring in of quick- 
silver till the air in the shorter leg was by condensation reduced 
to take up but half the space it possessed (I say possessed, not 
filled) before, we cast our eyes upon the longer leg of the glass, 
upon which we likewise pasted a list of paper carefully divided 
into inches and parts, and we observed, not without delight 
and satisfaction, that the quicksilver in that longer part of 
the tube was 29 inches higher than the other. Now that this 
observation does both very well agree with and confirm our 
hypothesis, will be easily discerned by him that takes notice 
what we teach : and Monsieur Pascal and our English friend's 
(Mr Townley’s) experiments prove, that the greater the weight 
is, that leans upon the air, the more forcible is its endeavour 
of dilatation, and consequently its power of resistance (as 
other springs are stronger when bent by greater weights). 
| For this being considered, it will appear to agree rarely well 
with the hypothesis, that as according to it the air in that 
degree of density, and correspondent measure of resistance, 
to which the weight of the incumbent atmosphere had brought 
it, was unable to counterbalance and resist the pressure of a 
mercurial cylinder of about 29 inches, as we are taught by the 
Torricellian experiment; so here the same air being brought 
to a degree of density about twice as great as that it had 
before, obtains a spring twice as strong as formerly. As may 
appear by its being able to sustain or resist a cylinder of 
90 inches in the longer tube, together with the weight of the 
tmospherical cylinder that leaned upon those 29 inches of 
; and, аз we just now inferred from the Torricellian 
| experiment, was equivalent to them.” The results of the ex- 
{periments here detailed are given in the following table (p. 100), 
"| A simple and effective modification of the apparatus used 
by Boyle will now be described, and you should try to verify 
'ABoyle's Law, which states that the volume of a given mass of 
{gas varies inversely as the total pressure to which it is subjected, 
| provided the temperature remains constant. | Ш 
Two pieces of glass tubing, one about 5 mm. bore and the 
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A TABLE ок tHE CONDENSATION oF THE ATR 


A B с р Е 
12. | 00 29,3, 29,%, 
11 01g, 30% | зот 
iUt 0213 3115 3 
101 04,5, 33ү; 331 
10 | ов 3515 35 
985 от 37 3615 
9 10ү; 395, 38$ 
8E gas |g 4119 41% 
О: и, | ali 
poe Nia 4715 484 
64 35 th ve 54 d. ps 19 
NSE sale | н 
5t | 3 | © 615, 6015 
5} За = 64), 63,6, 
5E | ag | 8 67,1, 66% 
4i is n E 10 ij 10: 1 
ЧҮ аву ү TIM M 
«| ooh EN 
3: | 631 93,1, 931 
тя 1005 998 
3b | 78H l07]3 | 107, 
8 88j5; l0 | 1164 
por y 
A The number of 


equal spaces in the Shorter leg that contain 
e same parcel of air diverse] 


в у extended. 
B The height of the mercurial cylinder in the longer leg that 
х compressed the air into those dimensions, 
The height of the mercurial суа ds 
+ ‘balance 
Pressure of the atmosphere. aa inter o 
The aggregate of the two 1 umns hibiting 
the Pressure Sustain a d E SAPE 
E What, that, Pressure should е 


cordi the hypothosis 
that su Oses t i according to ) er 
Proportions he pressure and expansion to be in reciproco 


D 
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other wider and 12 in. long, are connected by about 2 ft. of 
pressure tubing which is securely wired on to the ends of the 
glass tubes. Mercury is then poured into A until it stands 
at a level approximately one-third the length of the tubes 
(fig. 1214), At the moment both tubes are open, and the height 
of the mercury will be the same in both tubes because pressure 
is the same in both tubes. What is 
this pressure? Will this pressure 
always be acting in the case of an 
open tube ? Seal off the end of the 
tube B, making the top as flat as 
possible, Raise the tube A and say 
what happens. Lower the tube A 
and again say what happens. Ex- 
amine the conditions in the positions 
shown in figs. 122 and 123. In fig. 
122 the line of equal pressure is XX. 
The total pressure at XX in tube A 
is made up of atmospheric pressure 
+H cm. of mercury, «°. the pressure 
of the air in B is greater than at- 
mospherie pressure. In fig. 123 again 
the line of equal pressure is XX. SE 
The pressure at XX in tube A is Кл 

atmospheric pressure, and this is equal to the pressure of the 


air in B+H em. of mercury, .. the pressure of the air in 

В = Atmospheric Pressure — pressure due to Н em. of mereury, 
Tabulate results as follows :— \ 
Atmospheric Pressure 75:8 ст. of mercury. 


A B 


Pressure tubing 
(narrow bore) 


Total pressure Volume 


Hon of em. of cem as 
mercury mercury od 1 

= 43 71:5 13:8 

= 9:2 66-6 14-8 

= 12:9 62-9 15-7 à 

+ 7-9 83-7 11-8 

+133 89-1 11-1 08910 

+ 564 79:8 12-4 089-6 
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ets 
The Teadings (p. 101) show that as the total Hagens 
bigger, the volume decreases in the same Propos Yaa Е 
when the total pressure is decreased, the yolume inc: 
© same proportion, thus verifying Boyle’s Law. 


Atmospheric pressure 


а 
4 ^ 
1 і 
{ ' 
! І 
' 
" Pressure due to y 
ema. H cms. of mercury 
П Y B 
Er f 
! 1 
i ' Pressures ar 
ы Каш pressures are | 
point 
H стз. of mercury 
' U 
H 
1 are 
4 | Pressures at 
Yx-oquat at MS 
point 
4 
Fic, 129, Fig. 123, a Ty 
Charles’ Law ^ 
You have already learnt that gases expand on being heated 
and that different gases expand equally when heated unde 
the same Conditions1 


eo T stopper through which passes 
glass tubing. To the end of this tubing a pie 
ted so that the flask may be close 


* General Science, Part L p. 81. 


ааа 
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The flask is heated in a water-bath (old sweet tins holding 
about 1 gallon are very useful for this purpose), and kept at 
the boiling-point of water for some 
minutes (fig. 124). The clip is then 
put on the rubber tubing and the 
flask removed to another water-bath 
containing ice. ‘After standing in 
this bath for a few minutes the clip 
is opened under the ice-cold water, 
and water enters the flask. The flask 
is then removed from the cold water. 

It is clear that the air left in the 


flask at 0° С. is the amount that 
filled the flask at 100° C., and the ab 
volume of the water is the amount es NE 


this volume of air has expanded. 
The following results were obtained as the result of a class 


experiment:— 
-Total volume of flask  . 5 5 9 - 213 c.c. 
© Volume of water which enters A 4 ANDER 

me of air at 0° C. which filled the flask 
ШИН ТА за E TUS Кы ЛД УДК 
) с.с. expand 57 с.с. on being heated from 0° to 
00° С. 
57 1 

s. Lee. expands pg y ggg on being heated through 1° ©, 
1 


273:6 


1 
Thus the air has expanded 573 of its volume at 0° for 1° rise 
in temperature. | ) 

From the above experiment it follows that a gas will contract 
on of its volume at 0° C. for every degree fall in temperature, 
Thus at —273° C. theoretically the gas would have no volume, 
As a matter of fact, all known gases liquefy before this tem- 
perature, and —278° С. has been called the absolute zero of 


04 
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rature 
vest tempera’ 
temperature. This is recognised to be the WA. 2 
which it is possible to attain. At this E expects thi 
would be no heat left in the gas. As үн although E 
temperature has never actually been RE low tempe 
iden in Holland, Where scientists чи иын T in 19 
ature research, Kammerlingh Onnes (w hos E 
Succeeded in Approaching within a degree of it. of temp eral 
Scientists find very useful an absolute scale > which A 
i C. and the goprer hm is calle 
rade degrees. On this scale -213 d Kel 
0° К.) in honour of Lor int 0 
On it the feeding TE 
+, and the normal boiling-poin olume а 
à gas at 0° C., and У, is its V 4 
20° C., then 


who fi 


20V 
Vi=V 4 573 
273 +.20)V 
2420 n 
208. i 
7978 
V, 293 
Vom 
M ea 
1f V is the Volume of a Баз at 0° (С), and V, is its volum: 
^ C., then 


j t i 
Ууну. 


D 

у Q3 any l 
oe ons | 
| 

1 


Provided the pressuté 
is called Charles? Law. 


Boyles Law. Charles Law (oy 


Boyle’s Law and Charles’ Law may be combined thus: 
УР WSE 


Sins c: 


, where V,T,P, mean the volume at a certain temperature T, 
on the absolute scale and under a certain pressure P,, and 
IE VS 05, P,mean а volume under another set of conditions of 


| temperature and pressure. 
“Tf a Gas occupied 300 c.c. at 20° C. and 750 mm., what Volume 
would it oceupy at 0° C. and 760 mm. Pressure ? 


First change the Centigrade temperature to absolute 


temperature. 
300 с.с. =V; Iis required 
293° K. =T, 979» K. AN 


760 mm. =P}. 
| 300 x 750 _ V, x 760 
fe TOR A eae) 
750 x 300 x 273 3 
a. Vg ШО DNUS — 275۰8 c.c. (by logs.). 

] Effects of Working in High Pressures 

In diving and similar operations where men are subjected 
to high air-pressures, the amount of air dissolved in the body 
issues and blood-stream increases. The amount dissolved 
is approximately proportional to the pressure. ‘The Oxygen 
is disposed of by absorption in the blood, but when the pressure 
i the Nitrogen tends to separate in the form of 
bubbles—very much like Carbon Dioxide separates from 
soda-water fresh from the siphon. The rapid separation of 
Nitrogen produces severe body pains, and may even produce 
death. Ib is necessary, therefore, that the change should be 
!made in slow stages SO as to allow the Nitrogen to escape 
from the tissues through the lungs. After a stay of forty- 
five minutes at ® depth of 200 ft., two hours or more is necessary 
to bring a diver safely to the surface. —— 

The U.S. Bureau of Standards have in recent years made 
experiments to find out if the Nitrogen of the air can be 


replaced with another gas with beneficial effects. Tt а found 


150 mm. =P, 
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that Helium not only dissolves less than Nitrogen in 8 
blood-stream, but is got rid of much more quickly. As d 
result, divers supplied with air in which Nitrogen is терца 
by Helium can come to the surface safely in about one-sixt 
of the time necessary in ordinary air, i t 
The apparatus by which the experiments were carried ой 
is shown in the accompanying illustrations, which are 1e- 


er for exposin high pressure for the study 
O 


i rough 
main cham} utside view looking thr О 
Sh res aber, This chamber is сараї 
standin; 40 atmo is chi ; Л. 
telephone, electric ШЕН] cage Pressure, It is equipped wi 


heater, ang plate-glass windows- 
Produced p 


ermissi 5 ү 
апа {һе B DNE RET M 
Determination of i i 
е Equivalent Wei MU 
Measuring the Hydrogen ЛП Weight of a Metal 
easuring the Hydrogen displaceq from an Acid 
3 Pparatus shown in fi 5 i i 
чу used in measuring the ane n un 
“count, see Nature, Ар: 


of t] 


ne of gas evolve 
™ 14, 1928, vol. ох, р. 577 


during a chemical reaction, it is well to learn the рге ns 
which must be taken to ensure a good result. Pro as 
follows :— 
(a) Clean and weigh a piece of zine foil. (Use about 1 sq. in.) 
(b) Fill the tube B with water by opening the clip C, 
remoying the flask, and blowing down the tube at A. Note 


Boyle's Law. Charles’ Law p- 


à mber with test apparatus. Note electric lights, pressure 
Interior of che rol valve. There is a device for passing in D out 
apparatus o Also there are controls outside as well аз 
SERS in the event of a man’s judgment being impaired the 
1з could be put out of action by an outside observer, 


PAS ntro BOR 
inside cor d release of pressure by those inside could be avoided. 


Thus too-rapi 


Rahat the water now siphons from the bottle B into the 


measuring cylinder E. When will the water cease to flow from 
D into E? X 

(c) Put the flask back again and find out if the water 
ceases to flow into the measuring cylinder. If it does not, 
then the apparatus is not gas-tight, and the stoppers and 
rubber tubing at C should be examined for a leak. Jt is 
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9 pparatus 18 
0 proceed with the experiment until the appara 

US 

ma ts-tight. 


е оуе 
US is gas-tight, close the clip (e. nes d 
E ilute Sulphuric Acid. It E 
acid does not wet the 


Spring 
1 Clip 
с 


Measuring 
Cylinder 


E e 


Е c it 
iving it a final twist to d 
eing very careful not fo allow the metal to : 
into the acid, 


SA e 
pen the clip, tilt id 
© water in it is at 
as that in the bottle, үү 


Apparatus until the хе 
¢ the water in the Cylinder, Read the yolum 
еј 
80 that the m 


aj 
etal dı 


position 
TOps into the 


again, tap the flask 
acid, and Open the clip, 
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(i) When the action ceases, cool the flask to the tempe е 
of the room and then tilt the measuring cylinder to a ] 
the levels in the bottle and cylinder once more, and with the 
cylinder in this position close the clip С. 

(j) Lift the apparatus so that the delivery tube is no longer 
in the water in E and take the reading. 

(5) Note the temperature and pressure of the atmosphere 
at the time of the experiment. 

Suppose 0:5 grm. of Zine when acted on by dilute Sulphuric 
Acid yield 183 с.с. of Hydrogen at 16° С. and 750 mm. pressure. 

Let V, Ty, Р, be respectively the volume, absolute tem- 
perature, and pressure as recorded in the laboratory, and 
V.T.P. be the volume at normal temperature and pressure. 


Then 


УР, УР 
S TP UT 

. 183x750 V x 700 
289  - 978 


183 x 750 x 273 


e280 x7600 Cos 


Now 1000 c.c. of Hydrogen at N.T.P. weigh 0:09 grm. 
... the weight of the above volume of Hydrogen 
183 x 750x273 0-09 im 
=~ 989x760 "10009 - 
=0-01536 grm. 
... 0:01536 grm. of Hydrogen is displaced by 0:5 grm. of 
Zinc. д 
201 атш. of Hydrogen is displaced by чтуу = 82:5 втш. 


of Zinc. 
32-5 orm. of Zine displace 1 grm. of Hydrogen from an acid. 


12-0 grm. of Magnesium displace 1 grm. of Hydrogen from 


an acid. А 
32-5 and 12 are equivalent weights of Zinc and Magnesium, 


Note —32-5 grm. of Zine displace 1 grm. of Hydrogen; 32-5 
tons of Zine displace 1 ton of Hydrogen. 
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this method the follow 
def@imined:1 Zine 32- 


12, Calcium 20, Tin 60 


be 
Ing equivalents NM 
5, Iron 28, Aluminium 9, Magnes 
› 


Displacement of one Metal by Another 


: er 
When you place a bright piece of Tron in a MET 3 
Sulphate the Iron becomes coated with Copper, ur ‘valent 
time some Iron Eoes into solution. Тһе idea 9 TIAM the 
weights suggests that if 28 grm. of Tron goes into solut 


з roicht O; 
weight of Copper deposited would be the equivalent weig 
Copper. 


Zinc and Iron both 
Copper Sulphate, and Z 


2 of 
displace Copper from a solution 
Lead Acetate, 


solution © 
inc displaces Lead from a solutio 


Clean about 2 grm. of zine 
“our some Lead Acetate sol ; Теа 
zine, which is carefully cut into very thin strips, into the L 
Acetate Solution. Not 
on the surface of t 


he zine. 
IS Wise to ] 


he zine slowly disappears. 
eave the zine in 6 
a it will h 


h 
"ad in suspension through 
the lead well with Mr 

Pouring alcohol over it and then leaving in the wa 
Oven for a few minutes, his 
ing results Were obtaineq by a class for Û 
2 grm. zine give 6-49 
s 82-5 grm. zi 
104-39 i 


experiment ; 


grm, lead 

ne give 104-39 grm. lead 

в the equivalent Weight of lead. 
> usin, 


1А Volume p 
; Seater than 500 c.c. т а; 
Calcium, Magnesium, and suitable En zoo abt 


5 iniu 
ained with Aluminiu 
rangement, 


5 must be made, 


TU RE 
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In the case of many elements it is more convenient to 
determine what weight combines with a known weight of 
Oxygen. If, therefore, we know the weight of Oxygen which 
combines with 1 grm. of Hydrogen, t.e. the equivalent weight 
of Oxygen, we can use this as a means of determining 


equivalents. 

You have already learnt! that Hydrogen combines with 
Oxygen to form water, and also that two volumes of Hydrogen 
are united with one volume of Oxygen in water. Let us now 
determine the weight of Oxygen which combines with 1 grm. 


of Hydrogen. А 
Fit up the apparatus shown in fig. 126. Prepare Hydrogen 
by the action of Hydrochloric Acid on zine, wash it by passing 


Calcium 
Chloride. Chloride 


Fic. 126. 


Water 


it through water, and then dry it by passing it through 
Calcium Chloride. Weigh the tube A containing Copper 
Oxide (made by heating bits of Copper wire or turnings in air) 
and weigh the Calcium Chloride tube B. It may be advisable 
to attach another Calcium Chloride tube to B to be quite sure 
all the water is absorbed. Remember the precaution necessary 
before heating the tube A (see p. 94). As the Hydrogen 
passes over the heated Copper Oxide it combines with the 
Oxygen to form water, which is collected in the tube B. The 
loss in weight of the tube A gives the weight of Oxygen present: 


1 General Science, Part Ц, p. 15. 


rA 
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in the weight of water collected in B. By Mae: 
weight of Oxygen from the weight of water, the weig! К 
Hydrogen can be found. You can then find the weigh 
Oxygen which combines with 1 grm, of Hydrogen. 

Record your result as follows :— 


Weight of tube A + Copper Oxide 
E » +боррег 
.. weight of Oxygen 
Weight of tube В 
3; s» + water 
*. weight of water 
` weight of Hydrogen 


^. Weight of Oxygen which combines with 
lgrm. of Hydrogen is 


Weight of an 


This method has already been used in the case of COP 
Jupric Oxide was Prepared and then reduced to copper in Û Д 
i i Also, if the copper ш 
Section I (see р. 92) TS 
тіс Acid, and then the fina 
eight could be calculated. 
Equivalent Weight of Tin by Conversion into its Oxide 


* “topping tube some Nitri¢ 
a ing tube s 
cid (strength 1 concentrated aci dd 
the basin опа 


‘thing that has spurte 
raporate to dryness on the 
the Contents of the basi 


d Steam-bath. DM 
ND asın ате dry, heat it over a Bunsen flam ; 
x first gently, then more Strongly, until nee и 
1 Weight, Пе fina] product j Stannic One and the 
"quivaleng Weight or tin can | с Oxide, 
Obtaineq. 


be found from the result? 


| 
| 
| 
| 
| 


‚йз. 
— MÀ 
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Compare the value of the equivalent of tin determined by 
oxidation with that obtained when tin displaces Hydrogen 
from an acid. In the former case it is 29-5, and in the latter 
case 59. Note these are in the simple ratio of 1 : 2. 


The Law of Multiple Proportions 

Tt often happens that the same two elements combine 
together to form ‘two or more compounds. For example, 
Carbon and Oxygen combine to form Carbon Dioxide and 
Carbon Monoxide; Copper and Oxygen combine to form 
Cuprous Oxide and Cuprie Oxide; Iron and Chlorine give 
Ferrous Chloride and Ferrie Chloride. It has been found 
that when these pairs of compounds are analysed a relation- 
ship exists between the amounts of one of the elements 
combined with a fixed amount of the other element. 

You have just observed that 29:5 grm. of tin on one occasion 
are equivalent to 8 grm. of Oxygen, but 59 grm. of tin are 
equivalent to 8 grm. of Oxygen on another occasion. In 
this case the amounts of tin chemically equivalent to 8 grm. 
of Oxygen are in the simple ratio of 1:2. 

In the case of Carbon Dioxide and Carbon Monoxide the 


amounts of Carbon combined with one part by weight of Oxygen 
are in the ratio 1:2; in the case of the two Chlorides of iron, 
Ferrous Chloride and Ferrie Chloride, the amounts of iron 


combined with a fixed amount of Chlorine are in the ratio 


3:2, 
These results and others like them are summed up in the 


general statement known as The Law of Multiples thus: If 
two elements combine together to form two or more compounds, 
then the weights of one of these elements which combine with 
a fixed weight of the other element bear a simple numerical 
e another; or, If an element has two or more 


relation to on! s 
is they are simple multiples of à common 


equivalent weigh! 


factor. : 
Tt is not possible at this stage to determine the composition 


of all of the above compounds, but you will deal with most of 


them some time during your chemistry eourse. 
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To Verify the Law of Multiple Proportions A. 
у з Oxide and Cupric Oxide 0 / 
We shall use Cuprous CE 
should be taken to procure p ape 
um Eu Nu and to dry them thoroughly by Ein Бе a 
oling in a desiccator, The apparatus E. 
ae fees as that used when verifying the x a 

CERENA Proportions, and the same precautions shou! 
taken. See pp. 92-95. 


The following result was obtained in a class experiment :— 


Cuprous Oxide Саргїс_ p 
experiment experime’ 
grm. Жо] 
Weight of porcelain boat . 5:31 Bes 
»  » boat+oxidd  . 5-98 НЯ 
»  » oxide, ; 0-67 „0:61 
„ » boat + Copper ' 
j (after expt.) . 5-90 Вер 
» ›› Copper E 0:59 a 
» 4, Oxygen 0-08 0 
” » Copper which 
combines with 1 grm. of 
SP CAMERE ari 7-37 
and 7:37: 3-69 =2:1 


ning with a fixed weight di 
Xygen bear the Simple numerica] relationship 2:1. Thus ti 
азу of Multipl i 


of à given mass of gas at a constant 
perature? State Clearly the law у 
relationship. 


Which expresses this 
9. How would 


all gases expand equally if the pres 
Sure js Constant 7 Deserihe an 
the eoeffici i 


ine 
Xperiment to determin 
ficient of expansion of Oxygen at constant pressure 
З. А gas Secupies а volume 
Pressure, 


©. 5° C. and 740 mm: 
Occupy at N.T.P.? 


4. 


5. 


6. 
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What volume will 250 с.с. of gas at N.T.P. o 
1 vill 2 Keb -T.P. occupy when tho 
t ture is rais 20° 
PEDE ure is raised to 20° C. and the pressure to two atmo- 
When 0:18 grm. of a metal was dissolved in 
1 5 n Hyd i 
Acid, 250 c.c. of Hydrogen, measured at 15° C. et d 
pressure, were evolved. Calculate the equivalent of auo 


metal. 

State the Law of Constant Composition. You a i 
to verify thisaw by using the black Oxide of ara 
for this purpose you are supplied with specimens of Copper 
Nitrate and Copper Carbonate. State clearly (a) how you 
would prepare specimens of Copper Oxide, (b) how you 
would use them to verify the law. 

Two metallic chlorides contain respectively 55:9 and 65: 
per cent. of Chlorine. Show how the above figures ae 
used to illustrate the Law of Multiple Proportions. State 


the law. 


CHAPTER XIII 


e tried to represent 
In ancient manuscripts 
* elements "—Nearth, air, 


^ ich react with 
tious compounds or elements which react w 
Опе another. 


Atoms апа Molecules in 
In order that we may more clearly understand. үт 
chemical reactions which take Place, it is convenient for m : 
Tegard matter as being Composed of extremely small partic d 
nost powerful uk 
atoms. When the meta 
White oxide, Magnesium 
at the metal Magnesium 
Een gas is made up of atoms, 

an say that atoms of Magnesit 


1m combine with atoms of 
Хуреп to form new particles of Ma, 


them; th 
agnesium wag burnt i 
xide, was formed, If 


1 xide. 
oleae 2 An atom may 
as the smallest Particle that can take part in a 
chemical react е may be defined as the smallest 
i at can exist alone and 
"Ues of that element or compound. 
Atomic Weight 


Dalton in 1g 
€ 


08 put forward the Atomic Theory and 
0 show 10W this theory w 


оша help us to under- 
116 
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stand the Law of Constant Composition and the Law of 
Multiples. It certainly enables us to do this, and also enables 
us to build up formule for substances and to determine the 
quantities of substances taking part in chemical reactions. 
He suggested that the atoms of a particular element are all 


John Dalton 


i hey are different from the atoms of another 
чыш Б. all the atoms of one element have the 
same weight, but this weight diflers in different, elements, 

he atomic weights which Dalton assigned А the elements 
were really equivalent or combining eae those which are 
now given are of later date than Dalton. An ноа of Oxygen 
is about sixteen times as heavy as an JUN ydrogen, an 
atom of Copper 18 about sixty-three times as y as ап atom 
of Hydrogen. Hydrogen is the lightest atom known, and if we 
Call its weight 1, the weight of the Oxygen atom would be 16, 


ral Science 
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cht of 
pper atom 63, and so on. The Wr. 
ompared with the wien a ал i 

À Д raat}. 
is called the Atomic Weight of the ele es 
p: Hydrogen AR ty and specific heat) andisa аши hb 
a unit of weight to the RARI TIN 
it must be clearly stated thus: 16 grm. would be calle 


d 
t of Oxygen, 16 Ib, would be called the poun 
Oxygen. 


Gay-Lussac, 


na ры иы н ы. 
the chemist Who exten 
the Atomic Th 


di 


ей Dalton's conception of 
Cory. 


Cn two elements combing alton Suggested that coni 
bination takes place between indi 
Sulphur combi 


d 
ividual atoms. Iron br. 
EO O В ду Substance, Iron Sulphi¢ йз 
Dalton wou d explain this by Saying one atom of iron d 
bined with Опе atom of sulphur to form a “new atom 
1 See General Part IL p. 19, 
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molecule) of iron sulphide. If @ stands for an atom of iron, 
and © for an atom of sulphur, we should represent a molecule 
of iron sulphide as ӨС. 

It will be seen that Dalton’s theory makes the Law of 
Constant Composition easy to understand, because all mole- 
cules of Iron Sulphide will have the weights of iron and sulphur 
always in the proportion of the atomic weights of iron and 
sulphur respectively, and therefore the weights of iron and of 
sulphur in a given weight of Iron Sulphide are always constant. 

Now apply Dalton’s atomic theory to the two oxides of 
copper and see how the Law of Multiples follows. 

Let @ stand for copper and [JJ for Oxygen, then, seeing 
that combination must take place between whole atoms, 


Cuprous Oxide may be represented as so and Cuprie Oxide 


as G[] Remembering that all the atoms of copper have 
the same weight as each other, and all the atoms of Oxygen 
have the same weight as each other (but different from those 
of copper), the weights of copper combined with a fixed weight 


of Oxygen in the two compounds are in the ratio 2 : 1. 
It may be, of course; that two elements combine as follows : 


Let atoms of element A be represented as A and those of 
In compounds (1) АЯ апа (2) AB Y 
element B as [x]. In comp AS p] You 


he law follows if you let the atomic weight of A 
be ж and the atomic weight of B bey, ‘Then in (1) 20 weight 
units of A are combined with 3y weight units of B, and in (2) 
û weight units of A are combined with 2y weight units of B. 


Will see how th 


е written as 2a weight units of A combined with 


2 b 
peer 4y weight units of B 
and 
(1) is 22 weight units of A combined with 


3y weight units of B. 


Therefore the weights of B combining with a fixed weight of 
А are in the proportion of 4: 3. 
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the 
The following table gives the symbols now used for | 


and 
omic weights of these elemen iga ! 
; ial named: 
also the formula of a common compound of each metal т 
езе at this stage. 


It is well to memorise th 


{ 
| 
Formula 
: Name of common n 
Name of E Atomic 2 of th 
element Symbol weight TO the compound : 
О 
Calcium б Са 40 Calcium Carbonate ig 
uminium , AL 27 luminium ndo 2 | 
(Alumina SO 
Magnesium . Mg 24 Magnesium Sulphate | MgSO 
(Epsom Salts) ٩ 
Potassium , K 39 Otassium Nitrate KNO; 
(Nitre) 1 
ИИК 108 | Silver Chloride Rea 
Sodium . Na 23 Sodium Chloride 
(Common al) SnCl, 
n 3 Stannous Chloride &nCl | 
а Y Sa пә Hf tannic Chloride БОС, À 
) Ferrous Sulphate 
Tron , Fe 56 reen vitriol) Fels f 
Ferric Chloride PbO I 
Lead , о РЬ 207. Lead Monoxide ! 
л (Litharge) 0 
к E i ыйба, T 
Худеп 0 16 f 
Nitrogen N 14 | 
Carbon с 12 | 
hosphorns | 
Sulphur К E ^ | Non-metals 
Chlorine 1 Ol 35-5 
Bromine Б Вг * 80 
Todine И I 197 
СОКИНИ РОН ОНЕУ 
Formulæ Of the Co i 
H ie Acid 2CO, 


"n 
Sulphuric Acid, H,SO, 
Yürochlorio Acid, HO) ae анко? 

for one Molecule 


in each case, thus: 
This NOs means « one Molecule of Nitric Acid.” 
lecule Conta; 
т ns опе д 
Nitrogen, and thy, tom 


0 
of Hydrogen, one atom 
€c atoms of Oxygen Combined together. 
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Similarly the formula H,O stands for “one molecule of 
water." 

This molecule contains two atoms of Hydrogen and one 
atom of Oxygen united together. 

Molecules are very small particles. Some idea of their size 
may be obtained by imagining a drop of water which drips 
from the water-tap to be magnified until it is as big as the 


‘earth, then the molecules of water in the drop would only be 


about the size of golf balls. Atoms are smaller still. 

You have already learnt? that acids will form salts; now 
let us see how the formule of these salts are built up. 

Carbonic Acid, Н,00;, can form Carbonates and Bicarbonates 
by replacing the whole or part of the Hydrogen by a metal, 
thus Carbonates all contain the group —(CO,), Bicarbonates 
- (HCO,). In the case of Carbonates two Hydrogen atoms in 
the molecule of Carbonic Acid have been replaced by a metal, 
and in the case of Bicarbonates one atom of Hydrogen in the 
molecule of Carbonic Acid has been replaced by a metal. 

Sulphuric Acid, H,S0,, can also form two classes of salts: 
(a) Sulphates in which the two Hydrogen atoms in the molecule 
of Sulphuric Acid are replaced by a metal, (b) Bisulphates in 
which one of the Hydrogen atoms in the molecule of Sulphurie 
Acid is replaced by а metal. Hence Sulphate molecules 
contain —(SO,) and Bisulphate molecules contain – (HSO,). 

Hydrochloric Acid, HCl, can only form one class of salts 
(Chlorides), because the molecule has only one atom of Hydro- 
gen to be replaced by a metal, Hence all Chloride molecules 
contain — Cl. 

Nitric Acid, HNO,, can only form one class of salts (Nitrates), 
because the i has only one atom of Hydrogen to be 
reple a metal. 

E may be considered as the molecule from which 
Oxides and Hydroxides are built up. * In the case of Oxides 
both the Hydrogen atoms in the molecule are replaced by a 
metal (or non-metal). In the case of Hydroxides only one 


Hydrogen atom in the molecule is replaced by a metal. Oxides 
all contain — О and Hydroxides —(OH). 


The number of atoms of Hydrogen with which one atom (or 


1 General Science, Part IL, pp. 23, 24. 
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one group of atoms) will 
atom (or group of atoms). 


id the group of atoms (—CO,) which DM 

i ith two Hydrogen atoms. ‘oti 
we say (—CO,) is di-valent. ТЬ is represented for conveni 

: (7 €0,)". J 

ae ae |. atoms (— НОО) from which EU SA 
formed is combined with one Hydrogen atom, Н—(Е 1 E. 
Thus we say (— HCO,) is mono-valent, Tt is represented th 
(= HCO,). Now Study the following table :— 


- C0) divalent 
Carbonic acid Кн (—СО,) 


( - HCO,)’ | monovalent 


em. 


р 8 ~S0,)” divalent 
Sulphuric acid ео) | ed M noy 
Hydrochloric acid HCI - (9й ER 
Nitric acid , HNO, (-NO,)’ mun 

Mi / | HO Lot divaler 
Water А a H.OH 


(- 0E) monovalent 


| 
You will find it a very Interesting 
simplest formule of Various salts, 


т 
xample, you wished to write the formula 5 

Calcium Sulphate. The formula will have to contain Ca NS. 

Ў ble оп Р. 120 and note in Calei пе 

aleium is united with am 

Os) group. Now the С P is divalent (see oho 
ced two atoms of Hydrog 

3 ‘Therefore Galo; i divalent, an 

1 15 divale Те one Calcium atom red 
group ; therefore the simple 


nt; therefo 
With one (- SO, 
formula ig CaSO,. 


Now try Calcium Nitrate, 
Reasoni 


Dg ag before, 
(— NO, T 


{8 
i St the Valencies of the two par^ 
and see that 4 ey balance. Ç i 

monovalent Я 


8 

alcium із divalent; (— О 

therefore two Of the MOnovalent group of ato! { 

will be required to Satisfy one of the divalent element Calcium 
herefore the for а is written Ca^ (NO, у 


Os)’. 


combine is called the valency of the 


۴ һе 
occupation to build up the | 


| 
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Now try Aluminium Sulphate. - 

The formula you have learnt for a compound of aluminium 
is that of Alumina, Al,O,. First determine the valency of 
the atom of aluminium. In this compound two atoms of 
aluminium are united to three atoms of Oxygen in the mole- 
cule of Alumina. But Oxygen is a divalent atom, therefore 
the six valencies will be distributed between two atoms of 


aluminium. The atom of aluminium is therefore trivalent, 


йе. Al’, 
The formula of Aluminium Sulphate must contain Al and 


(SO,). Aluminium, Al, is trivalent and the (— S0,) group is 
divalent (see H,SO,), therefore the formula will be Al,(SO,),. 
Note that the suffix multiplied by the valency of the metallic 
part of the salt will balance the suffix multiplied by the 
valency of the acid part of the salt. 

Al, (SO)^s 2x3-23x2. 

In building up à formula therefore, proceed as follows: 
first determine the valency of the metal by referring to the 
formula of the common compound which you have learnt, the 
valency of the non-metallic group can be determined from the 
table on p. 120. Having fixed these. valencies, apply the 
appropriate suffix to balance the valencies. 


Exercise 
Determine the formule of 
(1) Calcium Chloride, (7) Ferrous Chloride, 
(2) Aluminium Nitrate, (8) Ferric Sulphate, 
(3) Magnesium Hydroxide, (9) Lead Sulphate, 
(4) Potassium Carbonate, (10) Zino Nitrate, 
(5) Silver Sulphate, (11) Calcium Bicarbonate, 
(6) Sodium Bicarbonate, (12) Magnesium Oxide. 


Now let us consider the use of 


Chemical Equations 
The substances Which take part in a chemical reaction, 

and the products of the reaction, can be represented by 

formule, If the reaction is expressed so that the reacting 
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substances balance the products of the reaction, the expression 
is a chemical equation, e.g. when Hydr 
chalk Carbon Dioxide, Calcium Chloride, and water ant 
formed. Suppose we wish to express this by an equation. 
The reacting substan 


ces are HCl and CaCO;, The products 

аге CO,, CaCl,, H,0, 

< CaCO, +HCl—, co, + CaCl, + 
acting substances an 
fully you will see that t 
is only one atom of Chlorine on 
the right, and you cannot alter the for 
fixed by the val 
formula for H 
two molecules 


mula CaCl, as this is 
Nor can we make the 


uation i 
CaCO, +2HC) Er OON CaCl, +H,0. 


5 means one molecule of Calcium 
th two molecules of Н. ydrogen Chloride to 
give one molecule of Carbon Dioxide, one molecule of Galon 

; and one molecule of Water. You will now find thai 


the total number of atoms on the left eq 
of atoms on the right, 

A chemical equation will in 
acting substances 


dicate the Weights of the re- 
and th 


reaction. © Weights of the products of the 
Referring to the table of atomic Weights on р. 120 we get — 
Caco, 4 2НО S: С Co ао 
12+ 16), 204855) + 494 (9, 35 ) +12 + )2 x 16) +(@х1)+16 
от М Г ih "AY 2 
173 DTT E 


Produce 1 
loxide. 


to write ache 
8 substane 


mical equation, if is essential 
es and the products. Nevi 


uals the total number | 


8 re 2-4 
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{ту to write a chemical equation in order to determine the 
products of a reaction. 

Chemical equations do not tell us any of the conditions 
of the reaction. From the equation alone we do not know 
"whether the above reaction takes place at low or high tem- 
peratures, we do not know whether to use dilute or con- 
centrated acid, nor do we know whether or not there will 
bea precipitate. Such facts can be discovered by experiment 
the equation simply enables us to calculate the weights of the 
reacting substances and of the products formed. 


QUESTIONS 


1, Give the formule of the following: Sodium Carbonate, Lead 
Nitrate, Ferric Sulphate, Zine Hydroxide, Cuprie Nitrate, 
Potassium Bicarbonate, Aluminium Sulphate, Galore 
Bicarbonate, Ferrous Chloride, Magnesium Carbonate, 

9. Write the equations for the following reactions ;— 

(a) Zinc added to dilute Sulphurie Acid gives Hydrogen 
and Zine Sulphate. 
(b) Carbon Dioxide passed into lime-water gives a precipi- 
tate of Caleium Carbonate. 
(c) Carbon Dioxide passed for a long time into lime-water 
gives a clear solution of Calcium Bicarbonate. 

a clear solution of Calcium Bicarbonate is boiled, 

Carbon Dioxide is evolved and Calcium Carbonate 

is precipitated. 

Hydrogen passed over heated Copper Oxide gives 

copper and steam. 

ght of Zine Sulphate could be produced by com- 


(d) 1f 


(е) 


8, What weigh : р d be proc 
pletely dissolving 130 grm. of zine in dilute Sulphuric 
Acid? 

4. How many tons of copper can be displaced from excess of 


Copper Sulphate solution by 8 tons of iron? 

5. What volume of Hydrogen at N.T.P. can bo obtained by the 
action of 2 grm. of Magnesium on Hydrochloric Acid? 
(11-2 litres of Hydrogen at N.T.P. weigh 1 grm.) 


Caleium Carbonate must react with Hydro- 
ce 5-6 litres of Carbon Dioxide at 


f Carbon Dioxide weigh 22 grm.) 


6. How much | 
chloric Acid to produ 
N.T.P.? (11:2 litres о! 


/ 


CHAPTER XIV 


"coal, and 
substance as 5006, charcoa ^ with 
: “Jead” pencil 


wer 
lements which have me totally 
of existing in different physical forms and possessing 


property 
different physical qualities are said to possess the БЕЗЕ 
of allotropy, Carbon is a most striking example of a ¢ d an 

clement having allotropio modifications, Desin. hard- 
graphite bear Very slight; resemblance so far аз colour, 


n they are 
Dess, relative density, etc., are concerned, but wher : 
burnt in oxy; 


gen all give the ва, 


coal, and even 
which you write. Chemical е 


“arbon 
me relative weight of Car 
ioxide, thereby Proving their identity. 
Examine as many form 
on their 


ort 
S of Carbon as you can and гер 
Physical Properties, 


:n oranite 
lumps, or nodules, in gr Ку 
Ystalline rocks, The best graphite for the purp 
of making < рас Јела » 
exclusively 


in 
Peneils was that formerly ME 
at Borrowdale, in Cumberland, in the green £ 
TOOK.) The. a3 


теё“ 
mines haye Not been Worked fop nearly th nth 
arters of a century, but in the Sixteenth and seyentee 
Centuries the i 


а 

'odu, to yield an MS 
i £40,000, although th Те only worked a 
Weeks in the y, H 

e mines. 8 
| RY, Austria, the United Suy 
À nd Southern Siberia, It can also be made ar S 
ПУ by ei i а large proportion jte 
оу when the graph 


с 
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Graphite has a peculiar soft, soapy feel and will mark paper 
easily. It has a relative density of 2-0-2-6, depending on 
the degree of purity of the natural product. It is a good 
conductor of heat and electricity, whilst diamond is a non- 
conductor. 

Graphite burns in air at a temperature 600°—700° ©. and 
forms Carbon Dioxide. It is used for a great variety of 
purposes. f Lead? pencils, first made at Keswick, in 
Cumberland (so called because at first graphite was confused 
with the metal lead), used to consist of pure graphite. Now- 
adays powdered graphite is mixed with carefully washed clay, 
and the mixture is placed in short iron cylinders hàving an 
opening at the bottom. The semi-solid mass is then pressed 
through the hole and the fine thread so obtained is used for 
pencil-making. Another important use of graphite is as a 
lubricant, its soft. soap-like nature reducing friction between 
It is also used to make crucibles for 
metallurgical work, especially the manufacture of cast steel, 
and it finds a domestic use in “ black lead ” used for polishing 
iron grates and kitchen ranges. In the latter process the 
graphite is applied as а fine powder in suspension in water. 
The ironwork is then polished with a dry brush, and the 
thin coating of graphite protects the metal so that it does 


not rust. 


metallic surfaces. 


Other Varieties of Carbon 

(a) Lamp-black—This is formed when any oil is allowed to 
burn in an insufficient supply of air. You have probably 
Noticed it on а lamp glass when an oil-lamp flame is turned 
When purified if is used to make indian ink and 


too high. 
ug p-black is used as a 


also in calico printing. Common lamp-biai 
black paint and for manufacturing printer s ink. А 

(b) Gas Carbon—This is formed in the preparation ОЙ СОС 
gas. It is found as a deposit in the upper portion of the 
retort (seo p. 135) in the form of an iron-grey mass. It is 
often so hard that it strikes fire with steel like a flint does. 
Its relative density is 2-35. Gas carbon is a good conductor 
of heat and electricity, and is employed for Carbon plates in 
batteries and for Carbon poles in the electric are. 
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(c) Wood Сһагсоа То 


іп 
gs of wood are stacked as shown 
fig. 127, and the 


that 
Stack is covered with earth or sods so 


i f 
'2, according to the rivai 
d. Such charcoal will float on water, 
if weighted and th i 


д is scarce, 
1 countries where wood is rocess 
charcoal jg made from small wood or sawdust by a p: 


72:7: 
ДД 


"n 
Y Wnpure form of Carbon, co? 
Per cent, of t 


is 
е © pure element. It * 
"Ung bones, Ttg chief u, ДАЛЕ у: 
ou сап test this Propert; easily by boiling a little Du 
DR ith anima] charcoal, Ina few moments the colo 
Of the itmus has com letel i 

it is used to de, E uU diane 


h 
18 left behind in the ыо j 
ured in coke Ovens as it is a Vê 


uos 
Se is as a decoloriset - 


e i 


«e 
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important form of fuel, and there is much demand for it. 
The amount of coke produced in the gasworks of 
Great Britain in 1931 was about 114 million tons. Coke 
burns at a much higher temperature than ordinary coal and 
gives no smoke. If steam is passed over red-hot coke a 
mixture of two combustible gases is formed, which is called 
Water-gas. This important gaseous fuel is dealt with in the 


next chapter: 
Difference between Burning Wood in Air and Heating it in 


Absence of Air. 
(a) Put some small pieces of wood on a piece of gauze and 
heat over a Bunsen flame. E 
(b) Put about the same amount of wood in a crucible and 


cover with sand. Heat the crucible strongly for about ten 


minutes, ^ h 
Allow to cool and examine the residue from the wood in 


each case. Describe carefully what you see. 
Which form of Carbon have you made? 
Distillation of Wood 


4 MNA 
You have observed that when wood is heated in absence 


of air a black substance—wood charcoal—is left. Let us 


Ето. 128. 


try to collect some of the products which escaped when the 
wood was heated in the crucible. 

The apparatus used is shown i 
wood about 1 cu. in. in size are 


n fig. 128. Small pieces of 
packed into the retort (A) 


180 


Is аз: 
and heated for about three hours, Large quantities of a 
can be collected at Û, and about 60 с.с. of a tarry liquid e 
in the boiling tube B. 1f this liquid is tested with а E. 
paper it gives an acid reaction. The gas which is collec аб: 
Cis marsh-gas or methane. Apply a light to the mow 


as 
a jar full of the Eas. Is the gas inflammable? Test the g 
left in the jar with lim 


when the dry 
Thus 


General Science 


5 "med. 
gas is burnt at a jet that water is also form 


Marsh-gas burnt in air—> Water + Carbon Dioxide. 
rn е 
Тапу Liquid collected in the Boiling Tub 


^ +s liquid. 
at there is an acid in this а 
adding a base (lime), and so 


Distillate B. zy 


Fic. 129. 
a salt, After adding the lime the iquid is distilled 
The 4; Ate Pasty liquid is dis 
The distillation flask (A) (fig. 129) is mos a water-bath 
and the erature kept about 60-65» © A little Ham 
mal receiver B. Thi, liquid ig inflammable. 
isa Mixture f two liquids, acet Чч шы 


2000, 
tone and methyl alcohol (w oe 
is used ag a fuel. © the ease With ch wood spirit burns, 


tem pi 
in 


whi 


shown. 
e-water. . What is it? It can be show 
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QUESTIONS 


1. Explain the term “allotropy.” Illustrate by reference to 
Carbon. 


2. How would you distinguish between graphite and wood 
charcoal, and how would you endeavour to show that they 


are the same chemical substance ? 
8. Distinguish between “burning” and “distilling? wood. 
Contrast the products in the two cases. 
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CHAPTER Xy 


COAL, DISTILLATION ОЕ COAL; COAL-GAS, 
WATER-GAS, CARBON MONOXIDE 


ате often held in the carbonised 
der great Pressure, and their release during 


, have Pm 
3 u 
able matter, which througho 
great pressure. il 
ou some idea of modern n of 
5 are now used to replace much ot 


S will give y 


Of coal on Wire gauze so that it ge 
Supply of air, Examine the residue left afte 


Some small pieces of coal in a crucible and M 
eat for about 10-15 Minutes, Allow to cool» 
he crucible. The light spongy 


ery different from the cinder Уен 

experiment (a) 

A Miniature Gasworks 
Fit Up the ap i 

) Paratus shown in fi .13 1 

filled about One-third. full with mu вр 
1 132 


pyrex tube is 
Pieces (not powder) © 


Modern coal-getting machinery in action 


which is drawing itself along the 


уеп coal cutter, F2 ien 
1з tearing into the coal and 


_1. Electrically dri c 

A coal aah, jts rapidly rotating dril 

ES. making its removal easy. И... 

- 2. Mechanical miner. Laborious hand-picking is being displaced by 
this remarkable type of machine. A large block of coal has been 
undercut and i$ ready to fall. у 

3. Mechanical conveyor. The coal is seen in the conveyor on the left 
of the picture. , 

4. Tub-filling by machinery. 
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Tt is heated by means of a Bunsen burner, and it is 


better to start the heating at the 
right and proceed towards the left. 
This enables any gases to get away 
saly - The gases and vapours, 
Which distil on heating the coal in 
this manner, are passed first through 
water, then through U-tubes to con- 
onse any vapours that become 
liquids аф ordinary temperatures: 
They are then washed and passed 
over hydrated Ferric Oxide (a pale 
brown compound of iron which ab- 
Sorbs certain sulphur compounds); 
and the “ coal-gas 91 8s finally col- 
lecte d in a gas jar over water. 
. You can Observe certain things © 
Importance, although a.full under- 
Standing of all the changes which 
pave taken place will not be easy 
until a later stage, If the “ water ” 
in the bottle A is boiled with Caus- 
tic Soda, Ammonia gas is given ОЙ. 
You will no doubt recognise tar, í 
ae Collects in B and also in the 
He Cand D. The brown oxide 
Chen thas gone black—it has been 
i алдей Into the sulphide of iron 
nd you will note а different smell 1 
200 treat a little of the original oxide 
xj the final product separately 
ou will Hydrochloric Acid, ^ 
large id ав collected quite a 
sized n. P m (about three ordinary 
can ]j ht 7 1) of coal-gas, which you 
the DS quite safely if you apply 
d р 8001 as you remove the 
ture of Plate. You have, in facts 
Coal-gas on a small scale. 


Coah DATE o; Ca оао WS 


Tf you рау a visit to your nearest gasworks you will see 

the process you have carried out in the laboratory being 
` performed on a large scale. y 

You will see several long re- 
torts, made of fireclay and 
shaped somewhat as shown in 
fig. 131, arranged in one fur 
nace bed. Each cf these re 
torts holds about 4} cwt. of | 
coal and is charged every eight 
hours. Fig. 132 shows the ap- Tio. 131. 
pearance of a retort house. 
Note the long semi-cylindrical scoop with which 
the coal is “fed ” into one of the retorts. The 
Bases are led off from each retort and are passed 
into hydraulic mains. It is here that much 


Fie. 133. 


Fra. 132. 
nia is dissolved and some of the tar 
ks you will probably next be taken 


Of the alkaline gas Ammo 


Condensed, In the gaswor 
to the e for it is necessary tO draw the gas out of 


i its j . The gas 
the retorts and force it on the rest of its Journey. g 
next passes through a series of condensers (fig. 133), where 
it is slowly cooled to get rid of most of the tar. Tar is a very 


« 
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difficult substance to remove, and the final traces кыр i | 
washed out in a specially designed washer ог scru À e; vubble Р 
Livesey Washer uses the principle that the smaller t x pur. 
which is allowed to pass through water, the more efle of the 
the washing. This removes the tar and the last ws 
very soluble gas Ammonia. The gas is caused to pass i 
perforated plates of wrought iron, with holes one-twi Ў 
of an inch in diameter placed so that there are aboni КАН 
in a square inch of plate. It might be thought tha: o. 
small holes would get made up with tar or other s BT 
it is found that after years of use the plates аге EN edi Du 
You will notice how very much more elaborate iu. | 
process than that which you performed in the ud vie 
Of course it is much more necessary, because millions of ¢ 


tions 
feet of gas are concerned. Each one of the perfora 
in the plates of 


the nozzle of the glass tube in E (fig. 130). 


er 
rubbed the gas passes ie 
hydrated Ferri ide i fiers. In some works th 


Hydrogen, Carbon Disulphid. 
also is used). 

Carbon Disulph 
ав they are p, 


If these Eas 
lde, were allo 
oth inflammab 


ой! 


ing © 
can bo mado by heating 695 
& temperature су 


f 430° С. This process is Pg 
Should prove of great va 
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are obtained. Coke is left in the retorts and its uses have 
already been referred to; Ammonia liquor is caught in the’ 
hydraulic main and it is used as a source of Sulphate of 
Ammonia, a valuable fertiliser; tar is drawn off from various 
parts of the plant and is an extraordinarily valuable product. 
Erom tar some 200 distinct substances have been separated— 
a wonderful example of fractional distillation. There are 
in commerce: to-day more than 2000 compounds which owe 

The following tables will repay 


their origin to coal-tar. 
Study, and will show you the wonderful value of coal 


distillation :— 
Taste I 


100 fiin Coal 


Flue Ga Coke Gas Ammoniacal Tar 
dust. -] ton 70 tons 2 tons liquor 5:32 tons 
*05 ton (1,313,000 +29 ton _ (1000 gallons) 

a cu, fb.) Ammonia 
TABLE II 
TAR 
1000 gallons (5:32 tons) 
1 
| Fay el мае of " | 
Hard pitch, ‘Anthracene [eavy oi Middle oils Light ^ Prepared 
soft pitch’ oil 9} owt. ДА. oils PAS 
75 owt. from which from which | eon 
(used in making used for we get we get Benzol spraying) 
wat -dyes 
O Ріо УФ! Creosote oil! Naphthalene 
lamp-black, tiseptics and 
Тар аск. T used for био 
, iê 
a) ip uu 
lubricating Middle and Light oils 
oils, 
ickling jeld a large range 
Timber. Уе of dyestuils p 


timber 
Dun addition, a very 12° range of scents and fine chemicals used in medicine owe their 
iin to tar, 


Coal-gas 
Tt is hard for us to imagine, accustomed as we are to the 
glare of its now Many and varied illuminated signs, that 
as for the first time in 1812, a little 


London was lighted by g 


over a century 250: 5 
Coal-gas consists of a mixture of gases, the proportions of 
10 
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ised. 
which vary according to the nature of the coal carbonise 


i ts are Hydrogen, Methane or mare 
Jar ide, and Ethylene—all of which burn in er 
e shows the approximate amounts of t 
in coal-gas from a, bituminous coal :— 


Hydrogen, c - 50 per cent. 
Methane : 334, 
Carbon Monoxide 13 5) 
Ethylene 4 


Hydrogen, Methane, and Carbon Monoxide all burn with 
non-luminous flam 


Sen burner and arrange E 
Before lighting the gas "e. 
Wate a, Some through the b. 
"Cd nel and the lime-wa Ў 
to see if there is E 
change. Then ВЕ 
Exhaust the gas and draw E 
products of com 
tion through the fu 4 
hel and then throug 2 
lime - water. wp 
Will be found on th! i 
Surface of the foro 
(which should be drie 


А 
Fic, 134, before ir S 
che 
Water will indicate th ment) an P. 
ucts of Combustion 5 Presence of Carbon Dioxide. The p 


9f coal-gas are Water and Carbon Dioxide. 
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Tf the inner cone of a Bunsen flame be “ broken,” there is 
| an escape of Carbon Monoxide. This gas is extremely 
| poisonous, and its escape into the airisdangerous. Care must 
| be taken, when using the gas rings on the gas cooker, that 
| the little Bunsen flames are not “broken” by any utensil 
that is being heated. In most recent burners this difficulty 
is overcome by using “ Rado burners” (fig. 135). These 


Ree We | 


Fra. 135. 


throw the flames out sideways, thus minimising the danger 


of“ breaking ” the cones: 
To Show the Liberation of Carbon Monoxide when the Flame 


is “ Broken.” 


Fit up the apparatus shown in fig. 136. Two pieces of 


Wire-gauze are supported on а ring 1—3 in. above the top 
of the burner, so that the inner cone of the flame is broken by 
the gauze, Some Iodine Pentoxide is placed in a porcelain 
boat, В, contained in a glass tube, which is heated in an air- 


bath wi sheet of asbestos card in the bottom to diffuse 
the х temperature of the air-bath is maintained at 
about 160° С. The Carbon Monoxide liberated from the 

d he Iodine Pentoxide and 


flame og the Oxygen from t 
removes yE! 5 $ 
no The Iodine vaporises and is drawn 


Sets Iodine free- 


um or pastille tin, or 
2 in. serves well for this. 


or Lyons' chocolate-biscuit tin, 


1 5 
_Rowntree’s g 
m. x Skin. х 
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through a solution of P 
filter pump. 

A distinct colour ch 
solution as the Iodine 


" 
f b a 
otassium Todide by means of 


i ium Iodide Ж 
ange occurs in the Potassium | 
dissolves in it, М 


Thermometer 


7 Asbestos bung 


—> To | 
Filter pump 


\ 
Asbestos 


Heat sheet 


Two pieces of 


v wire gauze 
cutting the inn 


Potassium lodide 
er cone 


solution 


at they have 0 
fore they will burn. a веб 

bustion will help you б 
how best to lay a fire (fig. 1 You make ie of iu ү 
n a prepared surface i by 
hat the heat produced Di 
Sufficient to 
of the 


mmable gases in coal. 
5, and emits the 
beloved A 


chi f the waste 
ed coal fire, eery blaze o 
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When Carbon burns in air or Oxygen, Carbon Dioxide is 
formed, and this gas does not burn, but escapes up the chimney. 
And yet, particularly over a coke fire, which reaches a higher 


& Con and The Heaped Fire Co., Lid. 


Collbran 


[ву courtesy 0/ Messrs. Вгай, 
Fra. 137. 


coal fire, you often see а blue flame. 
An experiment will show that part of the Carbon Dioxide 
which is formed in the lower part of the fire is changed by the 
red-hot carbon of the coal or coke into another gas which is 
inflammable, This gas is Carbon Monoxide. 


temperature than ® 
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Preparation of Carbon Monoxide from Carbon Dioxide 


; long 
A slow stream of Carbon Dioxide is passed through заи 
tube of red-hot carbon (fig. 138). The products of com 


Long combustion tube 


Hydrochloric iched with carbon 
Д ра 


Acid 


Concentrated soluti 
to absorb any unc 


ion of Caustic Potash 
hanged Carbon dioxide 


Fig. 138, 


H sh 
are led through a Series of bottles containing Caustic i 
to dissolve any unchanged Carbon Dioxide, Тһе gas is 
collected over water, 
Experiments to Show the Properties of Carbon Monoxide 
(2) Test the gai 


IS, ‘om 
З with lime-water to see that it is free fr 
Carbon Dioxide, 

b) Apply a light to 


Yow 
the gas and note the blue flame. Ve is 
fest the gas left in the Jar for Carbon Dioxide. W^ 
formed when Carbon Mo 


noxide burns in air? ide ій 
(c) Dissolve Some Cuprous Chlori in it 
Ammonia and invert a jar of the gas this 


to find out if the gas will dissolve in 
solution (fig. 139). 


Carbon M 


y gas 
А А jj 8 
onoxide jg à very poisonou ge 
апа care тү 


nust be taken not to breathe ia 
Tt is this раз Which makes the exba 
E gases of а Inotor-ear s 
Ammoniacal Solution (2) Pass z 


of cuprous chloride, дуе heated 
Fia, 139, ^ 


0 poisonous. jde 
stream Ar Carbon Monosió 
ad Oxide (red lead) or MS 
and note the changes gen 
he Carbon Monoxide has b p 
arbon Dioxide and the metallic oxide reduc 


Coal, Distillation of Coal, Coal-gas 148 


Carbon Monoxide is a powerful reducing agent, and may be 


. used to extract metals from their naturally occurring oxides. 


Water-gas 

A silica tube (fig. 140) is filled with coke and placed in a 
furnace (or heated with several Bunsen burners). Two 
tubes pass through the cork A, and they are connected with 
an Oxygen cylinder and a steam generator. At the end B 


Fra. 140. 


i asses under water in a pneumatic trough so 
Bao IE may be collected. Disconnect: the steam 
generator and remove the gas jar from. the beehive shelf. 
While the water in the steam generator 18 being brought to 
the boil the silica tube is heated strongly and Oxygen passed 

the coke to incandescence, When 


entl . This raises 
Жыш ee reached shut off the Oxygen supply and connect 


c ii . After a few seconds 

the nerator to the silica tube 

Л к jar and collect the gas formed when the steam 

is passed over t! 
Set fire to a јат of the gas 

jar for Carbon Dioxide. Bet 4 
ie of the gas to stand for some time inverted ina 

dish which contains "Ammoniacal Cuprous Chloride. When 


he incandescent coke. Mie 
and test the gas remaining in the 
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d to rise in the jar apply a light to rA 
ioxide. If the gas 


on 
no Carbon Dioxide should M » 
burning the residual Bas. This gas is Hydrogen. W r 
is composed of a mixture of Carbon Monoxide and Нус 


Steam + Coke 
(Hydrogen Oxide) 


те 0: 


— Water-gas 
(Carbon Monoxide 
+-Hydrogen) 
& 4 ү d ? water- 
Water-gas Prepared in this Way is known as blue TA ded 
раз. Before Water-gas is mixed with coal-gas it is subjecte 


; is 18 
to a process known as carburetting, and the resulting gas 
called carburetteq Water-gas. «с 


Jarburetting ? is thoroughly 
mixing “ blue » Sified oil. non 
е calorific value of “ b d" 
h.U., while that of the “carburette 
water-gas is 400 B.Th.U, 


(Carbon) 


H t- 
, 4 11па/ 
retted Water-gas as ап Шип 


TAOS 
s manufacture is le 

Sive as that of Coal-gas. Tts Manufacture is eU. y 

ad in this country, and a plant is found in prac 

every gasworks. 


al 
at of Combustion (Calorific Value) of Co 
Т. 


ining 
OF apparatus for RUNE is 
Combustion of soli » liquid, and gaseous fue 
1 calorimeter (fig. 14 : 


› В, by springs. E. 
s plate, E. which. oed 
Ygen is passed Е. 
, 726 Calorimeter is lowered into a measured quan’ 7 
we ace Ма, Ignition ig started by реа 
electric eur ; l te mas 
the fuel, Current throug inum spiral which dips 


Steady stream of Ox 
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small holes in the plate Р. The temperature rise is deter- 


. mined by a thermometer reading in tenths of a degree. The 


water equivalent of the calorimeter is supplied with the 
apparatus, and a determination is quickly made. 


D 
es 
Fic. 141.—Darling's Fuel Calorimeter 
Results 
Sample ;—1 grm. of Welsh Steam Coal. 

Initial temperature of water =12-1° €: 
Final temperature of water  =17:3°C. 
.. Rise in temperature = 520. 

Mass of Water taken =1400 grm. 
230 


ter equivalent of apparatus 
ined =(1400 +230) 5:2 


c value in B.Th.U. per lb. 


Wa 
Heat 52 


Calculate the calorifi 


— 84706 calories. 
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QUESTIONS 


om- 
2. Describe a Bunsen What are the products ООН is 
bustion of соа1-раѕ? How is it that Carbon Mono 2 у 
Sometimes in these products of combu 
Deseribe an experi to verify this. ary 
9 be laid? Why ig it necess 
‘arbor 
4. How Would you Prepare а fairly pure sample of Сат 
°noxide? үү} al properties ? г? 
at is Water-gas is de? What is it used Ё: 
б. 1 
6. Describe by means Of a diagram а Davy safety-lamp о 
ighbourhood of a supply of p ous 
© are Senerally regarded as dang 
ot Physical properties аа the 
Precautions are necessary Horus) 
these Substances :—phosp! 
ncentrated Sulphuric acid, petrol, Ee ta 
be f ith diagrams how you would show tha 
gas is given off When а little сагол ды of soda is heate 
in û test-tube, and how would you identify the gas? 


CHAPTER XVI 
NITROGEN, NITRIC ACID, NITRATES, AMMONIA 


You have already learnt that the gas which occupies approxi- 
Mately 80 per cent. by volume of the earth's atmosphere is 
called Nitrogen. It is a colourless gas, without taste or smell, 
almost insoluble in water, and without action on litmus. It 
does not support combustion nor does it burn, And yet this 
gaseous element plays а very important part in plant and 
animal life, Leguminous plants can take up atmospheric 
h is converted into organic Nitrogen compounds 
by the agency of bacteroids which oceur in nodules on the root. 
These organic Nitfogen compounds in plants serve as food for 
herbivorous animals, which in turn provide proteins for the 


carnivora. 
itrogen play in plant life that a 


So important a part does Ni r 
great demand is made on the Nitrogen compounds present in 
the soil. There is an almost inexhaustible supply of Nitrogen 


in the earth’s atmosphere, and the problem which faced the 
chemist was how to fix this Nitrogen in compounds which 
Plants could assimilate, and so provide an essential food for 
Plants other than the leguminosæ. 

You have already learnt that the Nitrogen can be separated 
from the Oxygen in the air by removing the Oxygen with 


Nitrogen, whic 


burni horus. 
7 Tt ps eem to do this by passing air to and fro over 
eat T 

Tit up dio apparatus shown in fig. 142. The tube is packed 
With copper turnings and is heated in a furnace. By raising 
the cylinder O and opening taps T, and T, air can be forced 
Slowly over the heated copper. When all the air in A has been 
forced over and the residue collected in B this residue can be 
forced back again by raising the cylinder D. ‚Тыз should be 
continued until there is no further reduction in volume, 
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Nitrogen has been obtained р 
The copper is partially cony 


c 


Y passing air over heated copper: 
erted into Copper Oxide. 


Fie. 142, 


obtained in large quan Me 

from the air Y à process of liquefaction and subsequem 
evaporation. Tf & gas under great pressure Е 
forced through а Jet and allowed to exp 
Cooling results. ‘This fact is made use of in th 


T. Air freed’ from Carbon Di- 


Both Nitrogen and Oxygen are 
b; 


ез8 
to, Say, —90? C. This РО 
18 repeated by {ә Ping, and finally a tempera tami 
C. is Teached. Liquid Nr 
Perature op _ 195-5? С. and liqu 5 
Oxygen boils а — 182-5? 0, Thus the liquid a 
above Process is a ER 
ifferent p iling-points. Fr 
ү inaa tional distillation oF the крон therefore 
lampson Зератабе the Nitrogen and the Oxygen. The 
Apparatus Ni ТОдеп, possessing ag it does the lower POM 
manufactu Point, will distil Over first. This method 9 
Vides a с л e мс ang Power, and therefore р nH 
Oxygen is ston ү Poth Nitrogen And Oxygen Ыы 
Under several atmospher 
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pressure, and the only impurity in the gas is a very little 
Nitrogen (always less than 0:5 per cent. by volume). 


How Nitrogen in the Air is Converted into Substances avail- 
able for Plant Food 

There are several ways in which this can be done and only 
the most important will be described in outline, 

(a) Direct, combination of the Nitrogen and Oxygen of the 
air, with the formation of Nitrie Acid, which latter is allowed 
to react with limestone, forming Calcium Nitrate. 

(b) Converting Nitrogen, obtained from air by the lique- 
faction process, into Ammonia—an alkaline gas from which can 
be made salts like Sulphate of Ammonia, Nitrate of Ammonia, 
both of which are valuable fertilisers. 

(с) Oxidising Ammonia made as in (б), and thus forming 
Nitric Acid. 

(а) The Formation, of Nitric Acid from the Air 
d in countries where water-power is 


This method is use ег 
a supply of electricity to be obtained 


abundant, thus enabling 


cheaply. \ 
A simple experiment can be performed which demonstrates 
aking place in the process. 


the chemical changes t | 
Dry air contained in а glass globe is sparked for about an 


hour (fig. 144). A yellowish-brown. gas is formed, which on 
Shaking with wat 
Tt can be shown t 
Nitrio Acid. i 

In the manufactur 


er forms an acid solution. 
hat this solution contains 


ng process an electric 


are is spread out by a powerful electro- 
Magnet into ап apparent dise of flame. Sparking Coil 
ough, and at the tempera- Fre. 144. 


iris d thr 
ture or An E (about 2000° С.) about one 


Der cent. of the Nitrogen is converted into Nitric Oxide, 
Which S; colourless gas. This very hot gas goes into a 
large ior where it is slowly oxidised to the reddish-brown 


y <i "his is the coloured gas you noticed 
аз, Nitrogen Peroxide. This is the co gas you n 
о nent. The Nitrogen Peroxide is next 


in the previous experir Е е 
forced d large granite towers packed with stone, down which 
g 
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water trickles. Nitric Acid 
with limestone to form Calci 


SNO, -H,0 —.2HNO, + NO, 


Nitrogen Peroxide Nitric + Nitric 


is formed, and may be neutralised 
um Nitrate, 


Acid Oxide 
2HNO, + CaCO, —> Ca(NO,), +H,0 +CO,. 
limestone Calcium 1 
Nitrate 


(6) The Direct Combination of Hydrogen and Nitrogen 
The direct combination of Nitrogen and Hydrogen bY 


а Ы s 
sparking a mixture of the two gases in a eudiometer tube 1 
difficult to show 


: 5 е 
° Н because Ammonia gas is also decompos' id 
into Nitrogen and. Hydrogen when it is sparked. We have; 
fact, a reversible reaction, 


ja 
When 6 per cent. of Ашен 
Ses, Nitrogen and Hydrog 34 
If, however, the Anm oam 2 
S ned, then the combinatio t 
Nitrogen апа Hydrogen continues. Use is made of the fa¢ 


aline gas, i55 idly absorbe 
by dilute DT AN Баз, and thus is rapidly 


jn a 
Hydrogen and Nitrogen is sparked A ho 
The volume of 


periment will 


E у Је 
` enable you to observe one examp 

ction. 

eat 


of 
zug Potassium Chlorate and 
80 Dioxide! in hard Blass test-tubes. Note how 
to obtain Samples of Oxygen gas 
2KOCIO. 
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Chloride and Oxygen requires a very high temperature. It 
<requires a still higher temperature to obtain any Oxygen 
from Manganese Dioxide. 

Now make a mixture of the two by powdering together 
about 5 grm. of Potassium Chlorate and 1 grm. of Manganese 
Dioxide. On heating, Oxygen is evolved much more rapidly 
and at a much lower temperature. 

When по more gus is evolved, boil the residue with water. 
This dissolves the Potassium Chloride but not the Manganese 
Dioxide. Filter through a filter paper (which was weighed 
after drying at 100° С.) being careful to get all the Manganese 
Dioxide on the filter paper. Wash the residue thoroughly 
With distilled water, dry in the water-oven, and weigh. You 
should be able to show that there is the same weight of 
Manganese Dioxide at the end as there was at the beginning. 

Nowadays very great use is made of catalysis in chemical 


industry. 3 
In the direct combination of Nitrogen and Hydrogen by 
the Haber process (1905), а mixture of very pure Hydrogen 
and Nitrogen, in the correct proportions and under a pressure 
of about 200 atmospheres, is passed over a heated catalyst 
ther material, called a promotor. 


Consisting of iron with some © б i 
The ЛЕЕ formed шау be liquefied or dissolved in water. 


ig epee easy to convert it into one of the salts, in which 
form it will be available as а plant food. 


(c) Oxidation of Ammonia і 
ates for soil fertilisers, the 


Owi һе importance of Nitra 
gre of Nitrie Acid is always eagerly sought. 


Ou have noted one method (р. 149), and ihe preparation of 
Synthetic Ammonia has provided us Vi one. А! 

Fit up the apparatus shown ш fig, 145. | a ene lown 
into a strong solution of Ammonia, and а mis s 0 xygen 
and Ammonia fills the flask: Now heat the p. Ux 
by passing а current of electricity through 1 a 5 e 
explosion results, and then the glowing wire a i xy gen 
to oxidise the ammonia, and red үлү x E eroxide 
and white fumes of Ammonium Nitrate are pee d £ 

On the large scale Ammonia gas mixed with air 1s passe 
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° t and 
over heated platinum gauze, which acts as the catalys 


Nitric Oxide is produced, 4 
4NH; +50, a. 

"ies Охї 
The colourless Nitric oes 
is easily oxidised to t d 
Nitrogen Peroxide by 
excess of Oxygen, 


2NO +0, — 2NO3, 


У М {ег 
and this dissolved in ма 
yields Nitric Acid. 


И а Experi 
Laboratory Method of Preparation of Ammonia, an 
ments to Illustrate its Properties 

I. Heat вер, 


ir, and 
antities of horn, hoof, һай» ine 

feathers in sm Note the evolution of An 
es with Hydrochloric Acid. eneous 
Ammonia 18 formed by the decomposition of pc 
i y eating, as in the above CAT le 

or during slow decay, Tlie Presence of Ammonia may 

be detected in the atmosphere of a stable, ixtur® 
tus shown in fig. 146. A Ж is 
ammoniac (Ammonium E 
û large test-tube, the mouth of which is in 


Asse! 
duired dry, the gas must be pa 
2 tower or U-tul 


aleium, Chloride nor Sulphuric 
lo dry the gi 


these 
аз, qs it combines with bor б, 
substances 48 the gas is lighter than air (density 
а 6) is collected ру 
displac, i 


ай 
passing the gas upwards y 
"IDE the air downwards 


[o 
(fig. 1464), and for many 
Ч nts this method Nill prove quite satisfactory ful 
eriorm th, Oowing exper: 
record of К E 


d 
Conclusions in each ‘th dow?" 
ina j fest-tube full of he gas to stand mouth 
Wards ina p ker of water, 
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(b) Bring a rod dipped in Hydrochloric Acid near the mouth 
» of a test-tube full of the gas. 

(c) Note the effect of the gas on litmus. 

(d) Find out if the gas burns. 

(e) Find out if the gas allows a lighted match to burn 

in it. 
(f) Note the colour and smell. 
(y) Make a solution of the gas in water, using 


a safety-valve. 


a funnel as 


pia. 146. Fra. 1464. 


ution of Ammonia in Water 
dding Ammonia solution to aqueous 


Experiments with a Sol 
Note the effect of a 
Solutions of the following :— 


(а) Copper Sulphate. 

(b) Ferric Chloride. 

(c) Ferrous Sulphate. 

(d) Aluminium Sulphate. 

olution in Removing Grease Stains 

h water and allow to stand. Note what 
he eflect of shaking the oil with а 


Use of Ammonia Solv 
Shake a little oil wit 
happens, Compare t 


Solution of Ammonia. j y 
When an oil is broken up into littl 


that they do not separate easily but ате 
mixture is called an emulsion. 
11 


е tiny drops, so small 
held in suspension, the 


5 are to be washed. ane 

ОЁ soap is largely due to the ER 

Solves in water a little ane 

es any grease which may Бер terial 
ahasa rotting effect on such ma 

rool, it is wi 


Soap. 


А bbing 
Ay be removed from materials as here | 
ich does not rot the material I 


4 Jsifie 
When an alkali has est ux 
her by rinsing in cle 


old 
> are used fo tra 
i om per’ 
mestic purposes, a low temp 


1 Й 


nome 
id Svaporation of liquid ашп by 
may be liquefieg 

Pressure alo; 


à es 
at ordinary temperatur 


T 
tmospheres ог 155 lb. wt. pe 


sd 


е 
rene 
} h May be understood by d 
LES AT, Sows the gj 1 f amm b 
ое Plant, т , E or or 


| 
| 


ANE 
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an electric motor, compresses the ammonia gas into the coils A 
and liquefies it. The latent heat released is removed by the 
5 circulating water. The liquid ammonia passes slowly through 
the regulating valve into the coils B, where the pressure is 
kept low by the pump drawing vapour through valve Vj. 
In B the liquid rapidly boils, the latent heat necessary being 
| taken from the brine surrounding the coils. The brine, the’ 
| temperature of which falls several degrees below 0° C., is 
| circulated round the storage rooms, where it keeps the tem- 
perature below 0° €. In hot countries theatres and hotels 
'are cooled by forcing air directly over the coils B, and in this 


case the brine is dispensed with, 


/ 


QUESTIONS 


1, Explain tho importance of Nitrogen in plant life. How does 
the plant obtain this important element ? 

2. How has the chemist “fixed”? the Nitrogen of the air in a 
form that would be available for plants ? 

ЖА ocess of liquefaction of air. How may 

ч E ed 1b obtained from the Nitrogen of the air? 
What do you mean. by a catalyst? Describe any experiment 
which illustrates catalytic action. 
i ia gas prepared in the laboratory? What is 
5. How is Ammonia & ЕЛА Abid ЛЫ 


i i n (a) litmus, 
its action E ENS. (d) grease? 


m 


of Copper 


- 


CHAPTER хуп à T 
D- TUE 
ESSENTIAL ELEMENTS op FOOD AND FOO: 


imal 

` ife of an ani | 

A NUMBER of c are essentia] for the He | has been! 
or plant. These are obtained from food, anc 


rdratess 
b "bohydr 
Ssential food-stufis ате: пар Water 
TOteins, Fats ; nhorganie Salts, Vitamins, : 

are also needed, G 


ther 
ke the О 
"COD plants are able to M salts] 
stuffs from Carbon Dioxide, Water, and inorg 

Od-stuffs to be 


in food, 
in food] 
‘Present ready-made 


ining 
1 taining 
ex compounds m tw? 
+ © an ~ 
XYgen, the atoms of үн Carbe 
n the ratio 2: т The chi 
s, Sugars, and celluloses. ical cot 
E id or spherical ©? 
1905), is Present as ovoid or М legumino 
y Marked grains in Cereals, potatoes, anc opalesce! 
Seeds, is Insoluble in col Water, but forms an) dine 80 | 
on boiling, ives а blue colour with Si acids ) 
i Sugar by dilute nents (хул 
01 Certain Substances termed ferments 


20— САТ: „0 


sugar). 
в (glucose, a sug? 


son 

solutio? 

f with w er, allow to Cool. An opalescent 8 1d 

8 formed, which sets toa Jelly on Cooling, : (а) Эа 

‘Treat Solution of Starchiin water as follows : dd a fe |) 

lodine soj ition a bine colour jg Produced. (b) Я Add ® 

drops of 25 per cent, Sulphuric Acid, Боп. Cool. red Pre 

few drops of Fehling’s solution, Boil. A yellow-r n 
Cipitate of Cuproug Oxide ; 

Presence of 


"his shows 
› S produeeq. ah son 
Tee TOA ittle saliva, stir 
Y glucose. 
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“ү solution, 
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(ii) Sugars are sweet crystalline compounds soluble in 
"water. The most important are Cane-sugar, СНО, and 
Glucose, O;H,,0,. The former is present in sugar-cane, the 


latter in many fruits, e.g. grapes. Similar sugars are present 
in honey and milk. Cane-sugar does not react with Fehling's 
but it gives а тей colour when boiled with con- 


centrated Hydrochloric Acid. 
(iii) Celluloses are colourless solids found, e.g., in the cell- 


Walls of green plants. They are insoluble in water and are 
hot easily digested by most animals (see, however, Rabbit, 
р. 167). Cellulose (eg- cotton-wool) gives a blue colour if 
acted upon by a few drops of strong Sulphurie Acid on the 


Subsequent addition of Todine solution. 


Uses of Carbohydrates in Food 

Carbohydrates contain much energy and are readily 
xidised. The break-down products are Carbon Dioxide and 
ater, and much energy is liberated. N \ р 
The chief use of carbohydrates in the living organism is to 
upply energy as & result of oxidation, the process being 
ermed internal respiration. АП other carbohydrates are first 
'tonverted into glucose, which is always the substance oxidised. 
The protoplasm of green plants also has the power of making 
Proteins as a result of a series of reactions, the original reacting 
Substances being glucose and nitrates. 

Я те extremely complex bodies containing 
к о Oxygen, Nitrogen, Sulphur, and often 
Phosphorus. They are an essential part of protoplasm, and 
no vital activities Сап take place in their absence. In the 

Е ken down into simpler bodies, 


livi they are first bro 
ot as eh Em up by protoplasm to form new protoplasm. 


Mig ТЫ + assimilation. n. 3 

nh x P uy solids or viscous liquids, often insoluble 
in Ure q coagulate on heating (¢.9- white of egg). Typical 
aver, ani = gg-white), myosin (in lean meat), 


Е н 
proteins are egg-albumin (in e£ 1 
gluten (їп flour), aleurone (in some leguminous seeds, eg. 


beans, peas). 7 4 
(i) То a little egg-white add strong Nitric Acid. A white 
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ol; 
coagulated mass is formed. Boil. Te turns yellow. Bu 
Add a little Strong Ammonium Hydrate. Tt turns $ es 

(i) To a little €gg-white add an equal volu me of water n 
& drop of Copper Sulphate Solution, then a little Potas 
Hydrate Solution. А violet colour is produced. мозе 

(ii) To a little SBE-White add a few drops of 

solution. Boil, A brick-red Precipitate is produced. 

Uses and Break-down Products of Proteins ho 

Proteins are used in assimilation (see above). When р WE. 
plasm breaks down as a Tesult of vita] activity, а E. 
of simpler nitrogenous Compounds (nitrogenous W ue 
products) are Produced, In animals these are usually © Я 
verted into urea (and uric acid) ducts 
urine. In the higher Plants the nitrogenous waste ipse an 
ined j ant protoplasm as insoluble, 


lant 
55, granules, Oils, and pigments, the P 


Organs, 


сусе? 
arbon, Hydrogen, and oy ra 
1 Y а little Oxygen, They are solid or T 
(oils) rompounds of fa ds with the base ERA aa 
ether, and make a б Te in 
in many animal tissues, & ustic 
(eg. “Ting lax) Boiling with са ui 
Lverts them into soaps, Shaken with water, liq in 
ute fat globules being 


Some seeds 
alkalies co; 


pers 
t T. Place a drop on рар 
& to evaporate. A greasy stain is left. jc 
( а little fat add а few s cent. Оз 
acid, Me ubt drops of one per 


Fats ате o 


р тре 
хі b : lved. 
Waste Products are Carbon Diod» heat being evo 


€ and water. үй, 
Solutions containing Calci are 
um, Magnesium, Phosphorus, and Iron 189 
on gee als and Plants for the Purpose of tissue for in? 

of the Substance made by tissue, Bone conta 
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Calcium Phosphate and Carbonate; red blood contains Iron, 
‚ Potassium, Sodium, and Phosphorus; Chlorophyll contains 
Magnesium but no Tron—although it can be formed only in 


the presence of Iron. (See also reaction of sugar and nitrates 


above.) 
-Vitamins—although not strictly “ food-stuffs "—must be 


They are complex substances, present only 


present in food. Т s ET е 
in minute quantities ; their activity is stopped by boiling. 
Several of them have been isolated, but the exact composition 


of some of them is still unknown. АП were originally made 
by green plants, although they are present not only in these 
but also in, e.g., milk, butter, and cod-liver oil. There are at 


least five of them. 


Vitamin A— Soluble in fat solvents and present in butter and 


cod-liver oil. A 1 N 
Vitamin B—Soluble in water. Present in wheat germ, rice, 

and yeast. ‘ H | 
ЕА C—Soluble in water. Present in fresh fruits, 


especi es and lemons. i | 
pecially orang found associated with Vitamin A. 


Vitamin D—is usually 
1t i in fats. 1 
i Et AS two other vitamins, E and FE, which have 
recently been isolated. A 
Their ДАУ; causes abnormal growth and certain diseases, 
ence of Vitamin B may lead to beriberi, 
use scurvy, and absence of Vitamin 


C will са і 
Hence the necessity that diet should 


tables. 


for example, abs 
absence of Vitamin 
D is the cause of rickets. 
include fruit and green уеде 


N 


CHAPTER XVIII 
ANIMAL NUTRITION: NUTRITION IN THE MA 


studied 
Introduction--In the Biology section of Part 1 H ТЕТ their 
the structure of Some simple animals and ponte how they, 
ife Processes, t.e how they obtain and use food, 

move, respire, excrete. 


How Food is Usel—We р 
stuffs (p. 156). They are 
substances used as food. 

Food is used for two pur 

Û supplies @ 


‚ food- 
‚һїеї fool 
ave already studied the D 
the useful constituents о: 


ism: 

"ura nist 

Poses within the body agen E 
Y, including heat, and it supplies st 


Ап 
3 Р 4 rotoplasm. 
Organism builds up into protoy s expen 
organism needs energy because its active tissues 

energy Some 


168 
ive tissue 
ive tis 
8 Supply this energy. WM 
y 
away ” and must be replaced, Growing sto 
make Additional tissue. New ti 


а 
replace W 
W tissue, whether to repla 

Ог for growth, is Made from 


: built 
Certain food-stufis which are 
Up into protoplasm, A 
Carbohydrat 
(р. 15 


p 
in source of energy- No 
157), salts, and War 
Spiration is the pro [his 
body of an E tho. 
Xt chapter. Nutrition inc үт a 
; 1004, and all the chan, res it Undergoes in bei 5. the 
Verted into Protoplasm, this chapter wo shall stu 
Nutrition of those higher animals which are classed a8 


тё 
ab. TOleims (p. 
used in i K 


A daking protoplasm, 
which food Sets 


rate)" 
is а backboneq animal (уеге oy 
е bo; H H y» 
аге suckleq by qe alive: they a 

Tan. 


о not "hatch from Mis purpo®?, 
produces milk for t SUE Y) 
ligit | WO pairs of imbs, each with (usu 

gits, and its body More or Je “lothed with hair. 


| 
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Digestion is the first stage of nutrition. It takes place in 


‚ the alimentary canal. We shall now consider this process in. 


detail. 


The Alimentary Canal (fig. 148). 
Food taken in at the mouth passes into and along a tube 
called the alimentary canal, the other end of which opens at 


brain 
cranium 
palate 
UU pev 
(voice box) 
trachea oesophagus 
ER (gullet) 
lung . spinal 
breast бопе. cord 


арр endix: | \ hac 
intestine 


urethra 


is Chief internal organs of Man (simple scheme) 


the hi of the body. The opening 18 шз, From 
the P ELTE the parts of the AA m Cn а 
“back of the тош” (pharynz), the 2: i Я iw de 
stomach, and the gut (intestine). The фе SS үн E mg 
cluding the mouth cavity, 18 шол KUERE DEO S ad 


F: 
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(mucous membrane 
cavity lies between 
the gullet are in th 
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) very rich in blood-vessels. "The i. 
the jaws. The pharynaz and upper P a 
e neck. The remainder of the alimen к, 
body cavity. This extends from the i h 
hind end of the body (trunk). А P. 
he diaphragm extends, across the dd 
of the lower (posterior) ribs. 1% div 


gus, d=diaphra, s=stomach, 0 09 

du =duodenum Hle-duct, P pancreas and panoreatic guor ansvars 
argo intestine, “ascending colon, tc cepi F 

1 " —Saceul dum 

ap endix, r —reetum, у Б 


У Cavity into 
a larger Posterior por 
sophagus 
diaphragm, 


nd 
& smaller anterior portion (horas), 2 


. ba 
: tion (af, n). т reater part off 1 
lies in the thorax, but 2k е © penetrates к | 
һе stomach ang intestines jie in the abdo | 
Somewhat rangement Of the alimentary canal is shows АШ 
рей in figs, 14g anA 149 cl 
y à muscular tube. ‘The s 
from left to right across ghe 
below the diaphragm. 


/ "5 iS a narro 
| | large Oval sag extending 
abdominal Cavity immediately 
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intestines are suspended from the dorsal wall of the abdomen 

by folds of tough tissue (mesentery). The small intestine is 
very long (Man 92 ft. xl in., Rabbit 7 ft. x $ in.), and is much. 
looped. Тїз first loop is called the duodenum. The pancreas 
(“ sweetbread ") lies in the duodenal loop. 1% discharges 
pancreatic juice by a panereatic duct into the duodenum. The 
large red liver lies above and to the left of the stomach. The 
pear-shaped gall-bladder is attached to the lower surface of 
the liver, Bile made by the liver collects in the gall-bladder, 
and is discharged by the bile-duct into the duodenum. The 
lower end of the small intestine opens into the wider large 
intestine (about 5 ft. Jong in Man, 3 ft. in Rabbit). The 
posterior end (rectum) of the large intestine opens to the 
exterior by the anus. The vermiform appendix of Man is a 
small finger-shaped tube at the junction of the large and 
small intestines. In this position the Rabbit has a large 
sacculated tube, the саи (14 ft. long, 1 in. wide), which ends 
in an appendix (4 in. long). 

Wave-like contractions (Part П, p. 169) of the wall of the 
alimentary canal force the food along it. . 

Digestive juices аге made by the salivary glands in the 
Mouth, by cells lining numerous small pits (gastric glands, 
fig. 152) in the walls of the stomach, in the small intestine 
(intestinal glands, fig: 153), and by the liver and pancreas. These 
juices are poured out into the alimentary canal. They mix 
With the food and digest it as it passes along the canal. The 
Walls of the small intestine absorb the soluble products of 
digestion, The undigested portions of the food are termed 
ces. . These are expelled at the anus. 


0 dy of а Rabbit along the mid-ventral line. Remove 
"pen the body JR parts of the ribs. Identify the organs 


the breast-bone an 
Shown, p jig, 149. Unravel the intestines. Sketch. 


Enzymes, and How 
| Each digestive juice cont 
Called ferments OF enzymes: 
enzyme acts проп one class ©: 
Soluble product, which can be absorbe 
testine. Enzymes are present in very 5 


They Act on Food-stufis 

ains one or more soluble substances 
These digest food-stufls. Hach 
f food-stull, and produces one 
d by the walls of the in- 
mall quantities, but can 
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act on large amounts of food. 
and are readily destroyed b 
liquid of a certain degree of 
act. (Compare these proper 


They act best at about 38—40° E 
у heat. Mach of them needs 


^ ements 
nd thus broken up into small Ass 
Bestive juices сап readily act. 5а ja 
8 and below the tongue make saliva, 


5 istens 
the mouth. Saliva mixes with and moiste 
the food. Ptyalin, 


in 
the mouth. Tt is cone ) 
wallowed food quickly passes: 


—Man. (А) Diagra 
(B) Diagram of j 


+ € —eanine, pm 


Ower jaw. 


m of upper jaw from below; 
Aws from left sido 
7 Premolars 


of 
» Mm —molars, r —ramus 
oJ =cheek-bor 


10, e =orbit. 
Examine the teeth, 


Most Ma, 
are chisel-s 


of Man ang Rabbit, h 
mmals have four kinds of teeth. Тһе front tee? 
j haped Cutting tect (incisors). Next to M | 
p Caring teeth (canines) onc in each side of the j 

Я 0 
(Note that he Rabbit has no nines, dao Rabbit eate en 
fae ^Y are not needed, There is а Jong space but. 

Е А ) ine ack or “cheek ” teeth pe 
molars are rep divided into Premolars and molars. th» 
Ut molars Presented in the first op < milk ” set of ev. 

are not, SY are additional cheek teeth wht 
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appear only in the second or “ permanent > set, and аге 


. behind the premolars. 


Upper) i. 2, c. 1, pm. 2, m. 3 
M; (Орт > › 2 d 
ms (Lower) i. 2, c. 1, pm. 2, m. 3 ein casu, Hl 


i, 2, c. .3,m. 3 RA v. 
i ша Ок = оп each side. Total 28. 
i. 1, c. 0, pm. 2, m. 


Rabbit 


езу of skull; (B) Side view of. 
(C) Skull from below 


Fro. 151.—Rabbit.. (A) Side vi 
left half of lower Jaws 
I, I= 2nd 1 r=open root, d —diastemn, M —molars 
(upper ag паар Jower with ridged crowns), a —auditory capsule, 
Бо uditory о ening, o=orbit, of =optic foramen, j =jugal (cheek- 
шу) FANRAN r =ramus ОЁ lower jaw, fm =foramen magnum, 
d pg , 


incisors, 0! 


How Food is Digested in the Stomach 

Presence of food in the stomach acts : з 
te glands (fig. 152) тезропч by making and pouring out 
gastric juice into the stomach. The stomach performs chum- 
ing movements Which mix the food and the juice. Gastric 


Mice contains two enzymes, and is acid owing to the presence 


Of hon ig acid, ‘The enzyme pepsin changes proteins 
VOLUMINE Renmin curdles milk, which is thus more 


Into soluble peplones- 
Pasily digested. À 

The acid mixture of partly diges 
Contains undigested fats, some un 


ts as a stimulus. The 


ted food is called слуте. Tt 
digested carbohydrates (e.g. 
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starch), some undigested proteins, also peptones and ae, 
After a time the ring of muscle at the junction of the stomach” 
and the duodenum relaxes - 
allows the chyme to pass into 
small intestine. 


How Food is Digested in the 
Small Intestine 5 nel 
The presence of food in Е | 

small intestine causes the a. 

bladder to pour bile, and rice 

Pancreas to pour parens 1 

into the duodenum. The anal 

tinal glands also pour intesti 

juice into the canal. 
The digestion of all classe 

food-stuffs is completed in 

Small intestine, Bile is a ye no 

alkaline liquid, Tt, contains ™ 

enzyme, but aids the action he 
an enzyme (steapsin) in 
= << alkaline pancreatic juices 

Fio. 152.—Diagrar ic Changes fats into soap & 

gland Е: the EA end. FAE Da) E are absorbed by 

0) 


CES 


s of — 
the 
llow 


STT ERE A 


This _ 
d gl 
the 


: ;her 
e —epitheliur NS. i wall of the intestine. ae 
1 <= 01004 capil 7 т f the 
a i Fq. SDZyme (amylopsin) о ЖИЛ. 
forming Ve phatio, à =асід. ( уор jnt 


В, P-pepsin. Cleatic iui es starch 
forming cep, ^ n? —pepsin- tic juice chang: 


Y 


8 706 
і P $ i tic enZy’ 
hay lorie end of (pesto Om "gar. A third pancrea hee 
only.) Pepsin-forming cels ТУР?) changes 770 


Jan 


: Пе 

г Deptones into simple so] ubstances cals 
The qi DoUnds, Which are EE i Sepe uds of the о e 
3 Igest " 1 Я Е 
intestine ^ ec remains of the food pass out to the 


à и kes place in the Large Intestine a 
especially an né large Intestine cause undigested {0 ш 
У cellulose which may be present (e.g: 
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green vegetables), to decompose with the production of gases 


‚ (fermentation). 
The food of the Rabbit contains much cellulose. In the 
cecum some of the cellulose is changed into sugar by the action 


of the bacteria, The walls i 
of the cecum absorb the 
Sugar. 


How Digested Food is 
Absorbed and Used 


The lining of the small 
intestine bears a large 
number of small finger- 
like outgrowths called 
villi (fig. 153). They 
absorb the products of 
digestion  (amino-com- 
Pounds, sugar, glycerin, 
and soap). All of “these 
finally enter the blood, 
And are carried to the 
tissues, 

Sugar is used for the 
iberation of energy in 
he process of respiration 
(to be described later). : 
Soluble proteins are as- = i 
Similated, je, built up : 
то new protoplasm. Fra 153.—8mall intestine of Mammal. 
This repairs waste. I E iran! of part of transverse section 
ma > 1 for (highly magnified) 

Y also be usec | 

4 adi m : «intestinal gland, la =lacteal 
Browth, Fat is ro PE La i ontaining chyle), b =blood- 
Etude pras i тек, aM: epithelium, ос) 
Produced, ^ Spare fat тусо оеша Шаро рау 
Collects in fatty tissue in тоге involuntary muscle fibres, 
Various parts of the p =peritoneal layer. 
ody, 

Each villus contains 
Collect into veins, which 


all blood-vessels. These 
2 of Sine and unite to form the 


leave the in! 
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ra inte 
Portal vein (p. 180). This 2005 to the liver, and breaks up 


alis vee 
a network of capillaries, These collect into a large hepa po 
which leaves the liver and opens into a large vein [ро а vesse 
cava), which enters the heart, Each villus also conta 

called a lactea], The lacteals 


acie 
Unite into a larger vessel (thor 
es from the i 


he liver. H; 
substance (glycogen), which is 


needed, lycogen changes jn 


issues 
to sugar (glucose) when the ti 
need it. The glucose is 


iver to the — 
Carried in the blood from the liver 
tissues all Over the body 


'oteins) are 
mino-compounds (the product of digestion of proteins) 
absorbed and 


З 5 Боо 
changed into the soluble proteins of е Re 
(serum albumin, serum globulin). These are carried as 
first to the liver, i 


ге ab- 
Products of digestion of fata) a The 
into little drops paak 5. 176), 
3: These also contain lymph (ү 

mph form i 


This passes s 
E а milky liquid Called chyle. This р 
у the thoracic duct, T 


bloo! 
A © veins’ near the heart. The 
Carries the fats to t} e tissues, 


"alls of the 
{ c salts only are absorbed by the YR vein, 
arge intestine, r 16у pass into the blood of the por 

and so to the tissues, 


` restet 
(al 
‹ К explaining. how each class of digi 
Ood-stuff ig absorbed and used, 


ted 
ciati 
and sketch the alimeñtary canal and EB 
organs of а Mammal, "numerate the chief di 

etween the 


alimenta 
Rabbit, т tho 
3. Describe у © processes of digestion in (a) the stomach, (0) 
Intestine, 


* IDS (eiue gastric gland 
Played by the liver in the 


f th 
canal of Man and that o 


гб 
аг 
1, (b) a villus, and (c) the Р 
Process of digestion. 


В large 
ntestines, and opens into а / 


CHAPTER XIX 


ANIMAL RESPIRATION: RESPIRATION IN 
» THE MAMMAL 


Introduction—It has already been stated that the energy 
needed by a living organism is set free within the tissues. It 
18 а result of the process of internal or tissue respiration, i.e. the 
oxidation of food-stufis (mainly carbohydrates) by the action 
Of oxygen, This oxygen is taken into the body and carried 
to the tissues. The waste products of internal respiration 
аге carbon dioxide and water. They are removed from the 
tissues. The carbon dioxide and some of the water (in the 
form of water vapour) are got rid of from the body by the 
Tespiratory organs (lungs). External respiration includes the 

to the tissues, and the removal 


Intake of oxygen, its supply 
and Output of the carbon dioxide and water vapour. 


Interna] Respiration in the Animal Body 
ohydrates are changed into 


We have alread that carb 
ready seen nat с = 
glucose, which is carried in solution by the blood to the tissues. 
n the tissues it is changed into glycogen- aà шы Каши ie 
ich potential energy, 


Starch „ogen, which contains MU 
Glycogen, id, which contains Jess energy. The 


Teaks up into lactic act 
Ener “P re used by the tissues. Thus the energy used by 
90 set free їз US у glucose in the blood. 


the animal was originally obtained from 
cated than this, but 


A ion i lly somewhat more compli 
me DR MS as stated. Lactic acid must be removed 
rom the tissues (56e р. 170). Oxygen brought by dne blood 
®Xidises some of it into carbon dioxide and water. а blood 
Carries away these waste products, The «лчу set free when 
Some of as lactic acid is oxidised is used in changing the rest 
Of the lactic acid into glycogen. This can sgain D and 

© whole process iS repeated. The SUM go e whole series 
Of reactions may be simply expressed аз follows :— 

СН „Ов +60: бе + 6H,O + Energy. d 
16 


È 
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Sometimes the ox 
is not taken in fr 
down of the 


How the Animal uses Energy 

The energy 1 ened 
various activi ement, secretion, 
assimilati 


js 
issue 
e new tissue. New #88 $ 


ed. 
d -blood 
-Production to be “ warm 


Я icate 208 
See later that in such animals there 15) Пеш s ещ 
of heat-production and heat-loss, which keep 

an even temperature, | 


How Fatigue is Caused 
Much 


We shall 
justment 
bodies at 


Е ger 
A rapid supply of оху id 


іса 
to remove the lactic ^". 


опа 
he products of this actio pe 
They are carried away 


Mammal 74 
€spiratory Or 


aif 

Organs p, Mammals, as in pur. 1 
generally, the respiratory. ош cove 

E 0 pair of oval elastic tend left 9 
the oe shiny coat (pleura). They lie right б 0 tb 
thorax өрү With it Occupy practically the who T f 
e vit; hey are light in weight, pale Eo up o 
th : “Pongy texture. Hach lung is ma chic? 
air-tubes called bronchioles Each bror 


and. oj 
ousandg of fine 
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small air-sacs (alveoli). The bronchioles 
and finally collect into a single large air- 
h leaves the top (anterior) end of the 


ends in а group of 
_ of each lung unite 
tube (bronchus), whic 


(A) Lungs, trachea, and 
(C) Wall of alveolus, 
s; (D) Arrangement of 


Fro, 154.— of Rabbit (diagrammatic). 
m "d Group of alveoli (air-sacs); 
ste Is and blood capillarie 


showi ithelial cel 
ОУ Е I tubes and blood-vessels. t ; 

e —opi, „larynx, t=trachea, rb, Ib =right and left bronchi, 
"pa, ps rend left pulmonary arteries, DU =pulmonary veins, 


7 ral=left and right anterior lobes, 
Gaol = anterior accessory lobe, lal, = posterior accessory lobe, 


101, трі = а posterior lobes, pact =] аар 

аһ Pl loft and Ter chile, bv = blood capillary, c=epithelial cell, 

8-—septum, ' A i ү 
forming the windpipe 


and left bronchi unite, 1c 
nf e the neck immediately ventral to the 


hea forms à cylindrical cartilaginous 


lung. The right 
(trachea), which runs u 
Bullet, "phe top of the trac 


170, 


] 

small 

voice-box (larynx, “ Adam’s apple”), which opens by а = ] 

opening (glottis) in the floor of the pharynx. of each 

large artery (pulmonary artery) enters the top n beside 
lung, and divides into many small branches, which ru 


into a net = 
the bronchioles, The smallest arteries break up into i 
work of capillaries 


laries unite into small уе 
pulmonary vein which le, 
layer of elastic connectiy, 
air-sacs, blood-vessels, ar 
bronchi, and larger brong! 
rings of cartilage, Thes 
and so cutting off the su 
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ей, — 
nd pleura. The walls of the К 
hioles contain a number of ey sing 
© tings prevent the tubes collap 
Pply of air to the air-sacs. 


chet 
i € lungs of a Rabbit. Note the аур n. 
bronchi: also the blood-vesse]s entering or leaving th 

After death the lungs a 


le 

z noz? 
d З Te collapsed (seq fig. 154). Pass the 

ofa Pipette Into the lar: 


the — 
*. They are inftated. Remove ^ 
Note the elastic recoil of the lungs. Tt floats: 
ung tissue and place it in water. "his show? 
Small Air-bubbles come out. Т ho Jung: 
‘te net expelled all the air from t repioles 
Сш open a lung. Note the edges of the numerous bror ji) an 
"Vessels, Tn Order to веб the air-sacs GN in і 
| Prepared Section of lung tissue should be ex 
microscope, 


m 

© the lungs and expelled from. шоа 
movements. A complete cycle of breathing ай 
nsists of ап inspi 

n. 


3 Á se, anc 
Mspiration, a brief pause, 


pog 

te the breathing: it, Cat, Of 570 

g Moyem; f t 9/0, Бо! H 
ration and expirati, respira 

minute When (a) sitting, (б) walking, Count your 


al 
3 lor? 
n a number of ribs, the CS vp 


ted to the backbone. ^p 
in а Posterior 9 ribs in Man (anq Rabbit) Tho ribs f spe 
Posterior Ventral direction from the sides 


Animal Respiration 173 


backbone, The first ten pairs .of ribs in Man (first nine in 
, the Rabbit) are united by cartilage to the breast-bone, which 
lies in the mid-ventral wall of the thorax. 


Fig, 15 irdle, and attached ends 
+ 155,— Brenst-bone (sternum), shoulder girate, n 
of ribs of (A) Man, (B) Rabbit. (C) Rib of Man, dorsal view 
(head and tubercle) о еа " 
Gor ас 2 process of soapuln), cap =capitulum (articulates with 
entra of eL b= clavioloy cart.s =cartilage flap of sternum, 
OF = согцсоја process of scapula, gc Z glenoid сир, mac zxmbtabromion, 
19 — ligament, Bj rib; zê тї cartilage, st stor (ate гараа 
Ones in sternum of Rabbit, tb ZtuBercle (articulates with transverso 
Process of vertebra), se =всарша, 


bs connect them to the spine. These 
d in breathing movements. 
Inspiration—The external intercostal ше E 
Causing the ribs to pivot against the backbone. The ribs 
Move outwards, and in a ventral and ашепог ec я Тһе 
Teast-bone is pushed “ forward,” t.e. m a ventral and anterior 


. Muscles between the ri 
ИЧетсоз{а]. muscles are use! 


174 


direction. 
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-yentxal) — 
This increases the front to back (боо, time 
and side-to-side diameters of the thorax. At КАН increase? | 
the diaphragm contracts and “ flattens. f the ШОМ 
the head to tail (antero-posterior) diameter o atmospheno 
The air pressure in the lungs (which equals the 


e 
s e whole - 
es the elastic lungs to expand and fill th 
thorax cavity i 


ises the 9 A 

The expansion of the lungs C pressure Y 

€m to fall below the mosphere the j 

г immediately flows into the lungs 20] ait 
in and without are equal, This infl 


Ezpiration— Af: 


ter a short 
muscles and dia 


x cavity 
Sh the capacity of the thorax 
The pressure of the rib 


upon 
195, breast-bone, and аз ) 
the lungs compresses them The air pressure WI ressuxe f 
lungs therefore rises above the atmospheric P 
outside, 


Air 18 immedi. 
the pressure Within and 


til 
s un 

ately expelled from the lung of 
air is expiration, 


js output 
Without are equal This ow 


Gases are Exchanged in the Lungs 
The pulmonary arter: 
blood i 


Thi 
y brings blood to the Jungs. < 


rbon dioxide and water, "These it 

rom the tissues in which internal respiration tee Н 

he bloo as also lost Some of its oxygen, which it Ns. ar 
Up to the tissues, The walls of the capillaries in the A 11000 
very thin, and permit gases to pass through them. Т $ to ur 
Elves up Some of its carbon loxide апа water pm TS 
ar in the air-sacs, It TECCiVey oxygen in RI рї 
OXY genated blood then leaves the lung by way f of in 
monary vein, ang carries this Oxygen to the tissues 
Parts of the body. ү 

AS a r 


esult o 
blood in the 1 


the blood a Teceives 4. 
variable amount of water ү, 


ава 09 
f this exchange of gases between the Bae 5 
“ngs, the air loses about 5 per cent. of SE and 

i Pet Cent. of carbon dioxi 

“pour from the blood. 
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How the blood carries oxygen and carbon dioxide will be 
“considered іп a later chapter (pp. 177, 178). 


QUESTIONS 


1, Describe the process of internal respiration in the animal 
body. Explain its purpose. 

9. Describe and sketch the respir 

3. Describe the breathing movements of a Mammal. 

4, Explain what takes place in the lung of a Mammal during the 


process of respiration. e 


atory organs of a Mammal. 


CHAPTER хх 


THE CIRCULATORY SYSTEM j 
THE BLOOD OF THE. MAMMA 


THE CIRCULATORY FLUIDS AND 
THE CIRCULATORY SYSTEM 


AND 


Oe 
" 1 
of an animal need a Constant NU У, 
solved food and oxygen, The waste" produ 
activity must also 
duties are Carried out by two flui 
РН. 
parts of the body, The fluids are BLOOD and LYM 


) vessels, 
circulates through a Continuous system of blood-ve: 
with a central 


calle i 
ined 
Wy 
n veins, 


essels 
System of very fine Y 


9 | 

ha 

that 10. 

Teally a part of the es 2i 

of the capillaries. 1 np | 
û System of vessels called 4 


оос, hc 
Teturn lymph into the ў go that t | 
‚ ЧО large veing at the root of the neck, 

lymph mixes у 


with the blood returning to the heart: 
ture of the Blood 
Blood ; Sticky. sli htl 
Y colourless’ ПУ if 
myriads op Hess liquid termed plasma, 


to 


f 

ists © 

De nou) то соле MN 

alkaline liquid. hic 
Пе 4 

: s. Masses of rotoplasm calle? COT P В 

The ge ntt 0 kinds, reg ЖЫКЫ, апа сори 7 Jood he 

Ta одоше Breat]y outnumber the latter, hen ү minut 

r ar 
COT use], of M ammals (Rabbit, Man) 
176 
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circular, biconcave discs with rounded edges (fig. 156). The 
‚ are non-nucleated, and their protoplasm contains a red p 
containing protein pigment called hemoglobin. The pigment 
readily absorbs oxygen, and holds it in loose chemical com- 
bination, forming ozy/emoglobin. This has a scarlet colour. 
hence the bright scarlet tint of oxygenated (arterial) ед, 


MO Q 
Q E3 f P 


Other Mammals Colourless 
Non-Nucleated Red 


| @) () 0 
ә 
Fish Bird 


Frog 


Nucleated Red Corpuscles 
ertebrates (highly magnified) 


— 325952 


Fro. 156,—Blood corpuscles of V 
Tt readily gives up oxygen to the tissues, and absorbs carbon 
dioxide from them. The hemoglobin then has a purple 


Colour, well seen in deoxygenated (venous) blood. 
are rounded masses of protoplasm, 


Colourless corpuscles s 
each with one or more nuclei (fig. 196). They perform 


amoeboid movements. 
uch smaller amcoboid colourless bodies, also 
A cubic millimetre of human blood may 
ascles, ten thousand colour- 


ontaj ve millions ©: 
1 in about fi Шоп blood platelets. 


jn 
| 
| After 20 secs. WS 


| 
| крон dioxide through it. 
| Oxide is absorbed, t 


b) Carbon 
p a test-tube. It turns scarlet. Bubble 
As the oxygen is expelled and carbon 


urple. 
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The Functions of Blood 


s thioug 
and of the capillaries are so thin that oxygen passe 
them from the 


‘oxide passes 

air into the blood, and carbon ن‎ aA the 

from the blood into the air, When the ‘blood: T^ to peel 

i the thin walls of the Capillaries allow Туа some 
to the tissues, Lymph is plasma Му? а 

Seles, Tt is the carrier between M from, 
t carries Oxygen to, and carbon dio 


(b) Blood and the Carr illaries of the 
amino-compounds, and salts, absorbed by the сарШат blood of 
walls of the intest; ; *I Carried to the liver in Mp ар 
the portal vein, They pass from the liver to the h Lymph 
then by the arteries and Capillaries to the tissues. 

carries them to the tissi 


te cells, 
Fats absorbed by th 


‚ 168); 

e lacteals also reach the blood (P 

and are Similarly given up to the tissues, 
(c) Blood a 


nd the Removal 
In addition to i 


When 
hang? | 
plood 


waters 
в the 


f 3). 

the E. 270168 (chemical messengers body: 

Suse blood to certain other ЕЕ on certa! 
ed : Бун 

activities. ES pa em and caused to c 
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Let us consider an instance of this: One of the hormones is a 
„substance called secretin. When food enters the duodenum, the 
walls of the latter are stimulated and make secretin. This is 
carried away by the blood of the capillaries in the walls. The 
blood carries secretin to the pancreas, which becomes active. It 
pours pancreatic juice into the intestine. The juice then digests 
the food in the intestine. 

(e) Blood and the Distribution of Heat—Tissue respiration 
liberates heat in the tissues (p. 169). The blood flowing 
through active tissues is warmed. It flows all over the body, 
gives up heat to the tissues, and so keeps the body warm. 
Most of the heat of the body is produced in the muscles and 
the liver (see also p. 170). 

(f) Blood and Defence against Disease—Many diseases are 
produced by minute colourless unicellular plants called 
bacteria, Harmful bacteria enter the body and produce 
Poisons called toxins. The blood makes substances called 
antitoxins, which kill the bacteria and neutralise the effect 
Of the toxins. Colourless corpuscles also “eat up ” the 
bacteria, Thus the blood defends the body against attacks 
by harmful bacteria. 


(g) Blood and the Formation of Clots—Blood flowing from 


e. d thus prevents death from loss of blood. 
ШО gast E а soluble protein called fibrinogen. 
The colourless corpuscles in the blood flowing from a wound 
Make a ferment called fibrin ferment, The fermont and 
fibrinogen react, and form a sticky network of threads of an 
i Red corpuscles are entangled 


inso] ‘otein called fibrin. е gl 
in ipe P Te and a jelly-like blood clot is formed. The 


clot plugs the wound and the bleeding is stopped. 


y U 
HEART AND THE CIRC 
ү THE BLOOD 


ith thick muscular walls, It 


LATION OF 


ч gan 
. The heart is 2 hollow orga TUR pm E do 


18 made up of four chambers. jo. : 
i ў Т ventricle below. In the 
auricle above, and а right and а lef ^ We m а 


floor of еас} icle there is an openime h h 
ach auricle { y 0 
communicates with the ventricle of the same side. The 


эз, 
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Openings are guarded by valves. 
which will allow blood to 


to head کک‎ 
(carotid ay) 


issue 
tissu! 

A valve is a flap oi “ie 

flow in one direction, e.g. Ў 


ny from head ) 
jugular vn, 
И to shoulder 
y. & arm jh 
(subclavian ay, 
from shoulder & 


(: ag Ua vian vn) 


from lung ry 
(poimeno ) 
diaphragm 
from liver{hepatic ул.) 
to liver 
Portal f 
m 


body 
Бол Калеу kidney 
(renal vn 
to kidne 


From leg to leg . 
(iliac vo) 7 (iliac ay) 
/ 
Urethra 1 V 
Fra, 157.— Man; hea 


1 
tb and chief blood-vessels 
(Ventral view much simplified) 
auricle into the Ventricle, е 
Opposite direction, ; except bs 
SOXyBenateq 90d from ар parts of the body the aurle 
lungs flows int © right auricle, Tt ìs poured into 
through two large i 


d and 
VEINS The blood from the hea 


: е 
flow in 
but Will not allow any 
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limbs is poured in through a vein called the anterior vena сата. 
The blood from the rest of the body (except the lungs) flows 
in through the posterior vena cava. At the same time oxy- 
genated blood enters the left auricle through the right and 
left pulmonary veins, which bring blood from the lungs. 
These two veins unite just as they reach the auricle. 

A large artery (common pulmonary artery) leaves the right 
ventricle, and divides into right and left pulmonary arteries, 
Which carry deoxygenated blood to the lungs. (N.B.—All 
other arteries contain oxygenated blood.) f бу 

A large artery (the aorta) leaves the left ventricle and divides 
into branches, which go to all parts of the body except the 
lungs, 

Valves at the base of the common pulmonary artery, and 
9f the aorta, open to allow blood to pass from the ventricles 
into the arteries. The valves close to prevent backflow of 


lood, 


How the Heart causes the Blood to Circulate 


А icles are filled they contract. 
When the auricles ar CUM C 


between +1 ‘icles and ventricles open. ‹ 
from li DER Ud into the right ventricle, and from the 
left ENSIS E ito the left ventricle. Thus deoxygenated blood 
fills the ri ht ventricle, and oxygenated blood fills the left 
rg The valves between 


S 1 iract. 
Ventricle, The filled ventricles contrac 
the auricles and ventricles close. The valves at the base of 

and of the aorta open. Deoxygenated 


le pul гу artery Ы: “i 
MA ed right ventricle enters the pulmonar у artery, 
and is carried to the lungs to be oxygenated. Oxygenated 
blood ДЫн the left ventricle enters the aorta, and is carried 
а 
n я general circulation is the circulation of the 
blood el h the aorta, its branches all over the body and 
т ja ihe tissues, and the veins which return it to the 
Cart, É ч 
E В ion i nlation of the blood 
The hepatic portal circulation is the CIS d 
from den a F vein through the ФИ. то the 
epatic ve; ich return it to the posterior dd 
ES is the circulation of the blood 


The valves 


182. 


through the pulmon 
pulmonary veins, 
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SRL rcu in 
агу arteries, the lung capillaries, and | » 


` QUESTIONS 


1. Describe the. blood of a Mammal. 


H i i 
+ ТУ System of a Mammal, particu 
noting the features i aston 


ms, 


i ulmonary = 
hepatie porta] ESSO unction of the p 


CHAPTER XXI 


` EXCRETORY ORGANS, AND EXCRETION 
IN THE MAMMAL 


Excretion 

s It has more than once been stated that cell activity results 
in the formation of certain waste products. These are useless, 
may be harmful, and must be expelled from the body. Such 
Substances are excretions, and the process of their removal is 


termed excretion. 


Animals, being very active, make much nitrogenous waste 


as à result of the breaking down of active protoplasm (p. 178). 
їз is excreted together with water and dissolved salts Ьу 


the kidneys, which ате the chief excretory organs. 


The Kidneys, and how Nitrogenous Waste is Excreted 
The kidneys of Man (or Rabbit) are a pair of “ kidney- 
Shaped ” dark red organs. They are attached to the dorsal 


Wall of the head-end of the abdomen with their concave 
Surfaces towards each other. From а notch in this surface 
Of each kidney à stout tube (wreter) runs back and opens into 

n-walled, pear-shaped sac 


the bladder, This is & large; thir 
f the abdomen. 1% opens to the 


Ying in the hind end o 
&Xterior by à soft-walled tube (urethra) between the thighs 
(figs, 148, 157). | 

At the notch on the surface of each kidney а large artery 
(renal artery) enters, and a large vein (renal vein) leaves the 
Kidney, Inside the kidney the artery breaks up into a 
Network of capillaries, which collect into the vein. The 
ISSue of the kidney contains & multitude of very small, thin- 
Walled tubules which open into the top of the ureter just 


fore it Jeaves the kidney. The network of capillaries 
Surrounds these tubules. j 
The blood entering the kidney contain 
Salleq urea, It has already been stated 
p i 183 


tains a nitrogenous body 
(p- 178) that urea is 
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: ies ib 
made by the liver, and passed into the blood; which M 
to the kidneys. Water made as a result of tissue resp ee 
has also passed into the blood. Some of this water is cm 
to the kidneys. The kidney tubules remove urea; laries 
water, and dissolved salts from the blood of the capil "lla 
which surround the tubules. "The liquid is an excretion ote 
urine. 17 flows down the tubules into the ureter, and colle! 


cap E rough the 
in the bladder. From time to time it is expelled through 
urethra, 


The Skin, and How Sweat is Excreted 
The skin is a thin 1а 


the 
yer of tissue covering the body of t 
animal. The skin of M 


d s 
an consists of an outer layer pi 
and an inner layer, or true skin (dermis). The outer is thus 
the epidermis is made up of dead, dry, horny cells, NOME п 

form a protective insensitive covering for the body „mis 18) 
inner part of the epidermis and the whole of the de and 
living tissue. The dermis contains man; nerve атии i 
is therefore Sensitive. It also contains тшде MM pun 
capillaries. Many small coiled tubes lie in the dermis, 


These 
up through the epidermis, and Open on the surface. 


illaries- 
are the sweat glands. Bach is Surrounded by blood сар. 
The Sweat gl 


fils 
ands make sweat from the blood in the ae E 
laries. Sweat consists of water with dissolved carbon of the 
and traces of salts, Te evaporates from the surface carbon 
body, which thus Bets rid of the waste water and fore аш. 
dioxide, Sweat is an excretion, and the skin is there 
excretory organ, 


The Skin, and How the Body Temperature is Regulated d 

The nerves in the skin ¢ one j 
its blood-vessels, and tk 
the skin, The more bl 
the skin becomes, and 


i Я d м е о: 
and Conduction into the air, Tnerease or decreas 
flow through 


3e8 
E. Ы ecrease 
the capillaries also increases or d cause’ 

Production of 


Ошто] the changes of 
ius control the amount ipe 
ood there is in the skin ; 


3 air 
А Weat evaporating into oe y. ШЕ 
O88 of heat (latent heat) from the surface of the e nerves) 
€ rate of heat 
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Which act upon the blood-vessels of the skin. In warm- 
blooded animals 1 (Birds and Mammals) this control of heat- 
loss keeps the body temperature constant (Man 98-4? F.). 
Heat is also lost with the breath, the urine, and the fæces, all 
of which are at the same temperature as the body. 


| 
i 
i 


n 
Fra. 158.—Diogram of vertical section of skin of Man 
‚ 158. UM. ae 
„ @=epidermis, d=derms, в =вопвогу en 
opening of. sweat duct, sb —sebaceous 
fatty tissue, b --blood-vessel: 


t i skin of Mammals) are long cylinders 

e fecere SORT hair is set in & pit in the epidermis. 

Ti ШЕЕ огпу of gre ase-forming cells make ап dons 

Which E SRM pair soft. New cells are added R the base eh the 

н апа ‘thus the hair grows. The new cells are supplied by tho 
ermis, Y 


rgan, n —nerve, h —hair, 
gland, g sweat gland, 


The skin and How the Sensation of Touch is Produced 
i Jumps of sensitive cells mE с 

the surface of the dermis, They are connected with the ends 
d-blooded They make little heat and 

o аге colc podies are at the same temperature as 
D т body temperature varies. 


Not regulate its 1085. eee i 
the air ape in which they live, i.e. thet 1з 


Touch organs are little ¢ 


1 
d All other animals 
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h stimuli (Part П, p. 133). The 


QUESTIONS 


4 he 
Tetory organs of а Mammal. What are 0 


ents of urine, and where and from Wi 
they formed ? 


CHAPTER XXIT 


THE FROG 


Introduction > 

Now that the chief life processes of a Mammal have been 
Studied we shall consider the structure and mode of life of the 
Frog. This animal is a smaller and simpler Vertebrate, but in 
Beneral plan its structure is very like that of the Mammal, 

е Frog, however, is cold-blooded and lays eggs, from which 
tadpoles hatch out. After a time tadpoles change somewhat 
Suddenly into small Frogs. This change is called Meta- 


Morphosis. The three stages, Viz. €88, tadpole, and adult 
history of the animal. The adult Frog 


i Tog, make up the life- 

San Amphibian, i.e. it lives in damp places, and spends much 

Of its time in water. Unlike fishes and tadpoles, the Frog 
Teathes by means of lungs. Its life processes are very like 

those of Mammal. It crawls slowly, but leaps and swims 

Strongly by means of its long and powerful hind limbs, Tt 

feeds оп insects, snails, and slugs. Itspends the winter hiding 


oles or buried in the mud. 


External Features 
лате living and dead Frogs. Note the movements of a living 
09. Sketch a dead Frog: 
5 The skin is loose, moist, and makes a bitter slime. Unlike 
һе Skin of а Mammal it has no outer dead protective layer 
(р. 184). Hence in a dry atmosphere it rapidly loses water. 
or this reason the Frog can live only in moist surroundings. 
The skin ; s mottled yellowish green with black markings. It 
Changes colour as the surrounding conditions change. 
O'mones (р. 178, and Part П, p. 136) act upon the pigment 
Cells in the skin, Which alter in size and shape, thus causing 
Colour changes ' Bright light, dry ait, and warmth cause the 
Ў 1 {е conditions cause it to 


Skin Bi : 
to becomer lighter: the oppost { 
Marken, DE is flattened from back to belly, and is 

187 
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has 
somewhat pointed towards its hind end. The head 
pointed snout, and there is no well marked neck, _ у 
The head end is termed anterior, the hind end is 2 surface 
The upper or back surface is dorsal, the belly or unde 


internal nostrjl 


bulge due to eyeball 


harynx 
pui to gullet 


end of RS 


Y lymph space between skin 
breast bone \ 


(hooked back) and muscle 
abdominal muscles 


Ета. 159.—Frog (male) 


‚ (B) right 
(А) Partly skinned to show muscles (ventral view); ( ) 
aide View of head E. 
use 
$ ventral, Th describing animals we shall frequently 
erms, 


3 
ids the ® 
The <“ ОЁ the head and body d "nu^ 
to pass the water. The nostrils he Frog 
ER rface of the head, so that 


Stream-lining ” 
rapidly through 
on the dorsal gu 
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f en the rest of its body is submerged. 
There are no external ears, but there are a pair of circular 
eardrums on the surface of the head, just behind the eyes. 
The parts of the limbs are like our own (figs. 159, 160, 162), 
but the hand of the Frog has no thumb. ‘The male Frog has 
a smäll swollen pad at the base of his first finger. ‘The long 
toes are united by webs of skin, which aid in swimming. 


can breathe and see wh 


How the Frog Feeds 


is Examine the mouth of 
he tongue is fixed to the floor of the mouth: 


tongue points inwards. 


a dead Frog. Note the very wide gape. 
the free end of the 


The soft pink lining (mucous membrane) of the mouth 
contains a network of small plood-vessels. The wpper jaw 
bears small pointed teeth; the lower jaw bears none. There 

he roof of the mouth, 


аге two patches of small teeth on t i 
Insects and other small prey are caught by the sticky surface 


of the tongue, which is flicked over and out. ‘The tongue then 
flicks back, carrying the Prey into the mouth. Larger prey 
are seized by the jaws and held by the pointed teeth. With 
the mouth open, press the eyeballs. They bulge down into 
the mouth cavity. The Frog makes its eyeballs bulge down 
in this way, and they assist in holding the prey; which is then 
bolted, Food is not chewed. ‘The glottis, 8 small slit in the 


floor of the mouth, leads to the lungs. Two small openings 
ith are the openings of the tubes 


їп the the mou 

vio RM 24 figs. 159, 169) which lead to the ear 

Cavities, 
Skin the 707—116 skin contai 

Vessels, There are large lymph spaces 

the museles of the limbs and the body. 


ns a close network of blood- 
between the skin and 


The Skeleton PEE mA 

ЖЕЙ E among Vertebrates the skeleton 18 compose о. 
bon ШУ tilage, Part TL, fig. 79 (а)) and is internal. 
One and gristle (oes 5 of the bones. 


Tusc hed to the outer surface 
cles are attac 10 : the skull, the spine 


The chief parts of the skeleton are 
КОО, vertebral column), the limb bones, and the bony 
mb bones are attached. 


Girdles to which the li 
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to the lower hind corne 
in large spaces ( 


BOD nosal capsule 


orbit 
upper jaw 


ijs г o clavicle 
Carpals ts 1! 


transverse process OF 
dike vertebra 9 
ilium (hipbone) 
metatarsal;\\\ urostyle 
cup for femur 


Libio-fibula 


Ета. 160.—Skeleton of Frog (dorsal view) 


i ecte! 
pair of holes ате xits of the Optic nerves, which ате E £ thel 
m the eyeballs The spine, jointed to the hind € 
8) 


ind епа о 
ny axis Which extends to the bin | 


s ists of a ventral nm juts f 
aring a dorsal neural arch. A neural 


erse process® | 
A pair of transverse РЇ o the 


i sid 
sides of the arch. The space БЕ}, 
© Successive vertebrg is the vertebral © 


| 


Paired 55; erves; z 
spinal ner called the atlas ver 
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contains the spinal cord. The vertebre are bound together 
‚ by tough tissue (ligament). They also lock together. A pair 


© of knobs on the posterior face of each vertebra fits into a pair 


of hollows in the anterior face of the next. Slight movement 
of each vertebra against its neighbours is possible. This 
dorsal | 
(neural) spine 
transverse 
process 


(Al I (B 


transverse 
process 


dorsal 
(neural) spine 


um EE 
| — centrum. n 
(A) I ( 
Fra. 161. 


Vertebre—l, of Man; Il, of Frog 


View from left side 
(8) View from in front (head end) 
Makes the spine flexible. The vertebre of the Mammal are 
Similar (see figs- 161, 162). 
3 j i hes permit exit of 
5 tween adjacent neural are Я 
м Шен which come from the spinal cord. 
he first vertebra, tebra pou быгы 
he вр 7,54 о transverse Processes: БӨ ninth vertebra of the 
Bog qul De large transverse processes tO which the hip girdle 
'S attached, ‘There are no ribs. 
i f ] breast-bone 
The irdle consists of a ventra 
shoulder 9:706 T 
(sternum), a pair of dorsal triangular shoulder-blades (scapula), 
b 
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and two pairs of bony 


rods (clavicles, or collar-bones, and | 
coracoids), which join th 


е breast-bone to the shoulder-blades: | 


breastbone (sternum) 
Shoulder biade 
(scapula) 


"oa 
> 

3 

u 

a 

= ә 
S 
"à 

з 

چ 


wrist bones 
(carpals) 
hand bones 


s digils 

Fie. 162, Man (Skeleton ventral view) | 
зе Моша Mad are movably united to the spine by) 
Ones of the 1695 (tendons), Thus the girdle attaches th 


heart ang E limbs to the spine. It also protects th 
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The hip girdle is a long, narrow, bony U with its long side 
arms parallel to the spine. The top (anterior) ends of the 
long sidearms (hip-bones or ilia) are movably jointed to the 
transverse processes of the ninth vertebra. The girdle 
attaches the bones of the hind limbs to the spine. 

The bones of the fore limb. There is a single upper-arm bone 
(humerus). Tts rounded upper end fits into a cup-like hollow 
in the shoulder-blade. This junction is a ball-and-socket joint, 
and permits free movement of the upper arm. The forearm 

me (radio-ulna) is really two fused bones. There are a 
number of small wrist bones (carpals), and four rod-like hand 
bones (metacarpals) which bear jointed digits. 

The bones of the hind limb are a thigh-bone (femur), a shank- 
bone (tibio-fibula), which is really two fused bones, a number 
of small ankle-bones (farsals), and five long foot-bones (rheta- 
larsals) which bear jointed digits. The upper end of the 
femur forms a ball-and-socket joint with a cup in the lower 

h movable joints the bones are 


€nd of the hip-bone. In all suc 
Д ДӨ DIARI ich aids smooth movement. The joint 


tipped with gristle, wl at t 
| gristle, wh 3 n 
is ils; E of tough tissue (joint capsule), so that the 
nelosed in a bag t he joint is also lubricated 


Ones shall not be torn apart. 
Y a fluid which bathes the ends of the bones. 
cranium forms а much greater part of 


L AELIAN) Qoa am 
M TRA ү rE tho breast-bone to the spine. (iii) The 
Coracoid bono is merely & coracoid process on tho SAR ue GY) 

here is no urostyle, but some of the vertebræ in this region are 

fused, (v) The radius and ulna of the forearm aro separate, 

0 The tibia and fibula are separate. (vii) н Hio dc di 
igits, 

ө e Skeleton—It is an internal framework 

The Functions of th Tt protects the internal 


Bu ine the body and limbs. ; 
one peri ie provides a number of levers which are moved 


Y muscles. 


How th Moves 
е Frog 
s was examined, the muscles of the 
When the skinned Frog (fig. 159). They are called 


[ bod limbs were seen 
У-уу а the limbs ; 8 
Skele Тш у: because most of them are attached to bones. 


Their function is to move the body and limbs. Mad TUN 
in the muscles carry messages (impulses) to them from the 
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brain and the spinal cord. The m 
ing and thickening (contracting). 

to which they are attached. Th 
the joints as pivots (fulcra). 


uscles respond by shorten- 
They pull upon the bones 4 


d 
е bones act as levers, ang 
The structure and mode © 


а =internal 
=tongue, 


Н ine» > | 
=large infgp mach, h=small intestine jejej 


Sperm Рома! vein, r = kidneys ME, n =blad 


= 4 kidney duct (conveys urine oy 
from @ to w), Sall-bladder, 7 =tostis (small ооо convey FÊ 

^ 
action of 


(Part IT Ta (voluntary) muscle has been describi 
: 19). Some muse Bil 
are attached to other eae (€.9. of the abdomina: 


o 
The walls of ing : A 0200, 
(plain involuntary тш ES аш a different kind of 2o0 


Stomach and intestine? 
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ieu II, p. 169). Тһе wall of the heart contains a special kind 
is uam muscle (cardiac muscle, see Heart-beat, Part II, 
Dr Open the belly of the Frog along the middle line, cut through the 

€ast-bone, turn aside the muscular flaps of the body-wall. Tho 


Ody-cavity and the internal organs (viscera) are now exposed. 
here is no diaphragm dividing the body-cavity into thorax 
and abdomen. The heart, with the great blood-vessels entering 
and leaving it, lies jn the anterior part of the body-cavity. The 
ngs lie right and left of the heart. Turn all of them forward 


And expose the gullet (esophagus). 


The Alimentary Canal and the Digestive Glands 
ather wide muscular tube. It 
leads into the J-shaped and rather wider stomach. The large, 
ree-lobed, dark red liver lies to the right of, and partly covers, 

€ stomach, The lower end of the stomach opens into the 
Bas loop (duodenum) of the small intestine. The pancreas 
nd lying in the space between 


18 a lon Јал 
| g, narrow, pale yellow gla ‹ 
e duodenum and the stomach. The dark green spherical 

ace of the liver, from , 


Val bladder is attached to the lower surf: 
ich it receives bile. The bile-duct from the gall-bladder 
Taverses the pancreas. Small pancreatic ducts open into it. 
she duct carries both bile and the pancreatic Juice. It opens 
to the duodenum. (In Man and Rabbit the bile and pan- 
Creatie ducts are separate.) The coiled small intestine is 
About 4 in. long. Its lower end opens into a wide, large 
Intestine (rectun п) about 1 in, long. The hind end (cloaca) 
the rectum opens tO the exterior. The thin-walled bladder, 
Which the urine is stored, opens on the ventral wall of the 
саса, The intestines are attached to the dorsal body-wall 
Y а fold of tough tissue (mesentery). The spleen is a dark red 
*Pherical gland attached to the mesentery To the lower end 
e the EUNT 11 intestine. Red. blood corpuscles are produced 


"Td the old ones are destroyed in this gland. 


The @sophagus is a short, Г 


9w th is Nourished 
е Frog Ey canal and absorbed by its 


Tm ; 

ted in the i 
mab ue and general arrangement SVG a үш: 
a alimentary canal, the digestive glands and ури d 
iode of action are similar to those of Mammals (see pp. 169- ). 
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In the Frog, however, (a) there are no salivary glands, (b) д | 
gastric juice contains no rennin, and (с) the vermiform appe 


| 
and cæcum are absent. Absorbed food is used as in Mammals ] 
(pp. 167-8). 


How the Frog ** Breathes ? 


"The respiratory organs of the 
membrane of the mouth, and the 


Carefully note the breath 


ing movements of a living Frog. Da 
amine the lungs of a dead ‘tog. Open one of them, and note thé 
appearance of its internal surface. {А 
The lungs, which hang in an anterior part of the body-cavitys _ 
are a pair of oval, greyish sacs, Each opens by a short bronchus ц 
into the voice-box (larynx). There is no trachea. The laryn® 
is a cartilaginous box which opens into the floor of the pharyn™ | 
by means of the glottis. The inner surface of the lung is throw?) | 
into many folds, The pulmonary artery enters the top of the 
lung. Its branches form à capillary network in the walls 0 
the lung. The capillaries unite into veins, which collect int?) 
the pulmonary vein. This leaves the to à 
Lung “Breathing ” (Pulmonary Respiration) —With th | 
mouth and the glottis 
mouth. Air fl 


Frog are the lungs, the mucous 
skin, _ 


| 1 inal muscles contract and force 06 
viscera against the lungs. This Pressure, and the recoil 
the lung-walls, expels air from the lungsinto the mouth. W 
the glottis and the mouth c 


‘Very efficient. The Frog uses у 8 
ites mainly by means of the muc 
Е the mouth, and the skin. ant? 
“ Breathing? irati iris drawn 257 
7 р'айоз).—А1їт is ipli 
the Mouth as already described, Instead of being forced Ph 
the mouth for а short time, and t 
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xpi While in the mouth the air gives up oxygen #0) and 
тесе rbon dioxide апа water vapour from, the blood of 
the capillaries in the mucous membrane. 

Skin “Breathing” (Cutaneous Respiration).—The skin is 
Tichly supplied with blood capillaries. Respiratory exchange 
takes, place between the blood in these capillaries and the air 
Outside, This process is not accompanied by any breathing 
Movements. f 


The Circulatory System—The heart consists of two auricles 
Above and one ventricle below. A triangular thin-walled sac 
(sinus venosus) is attached to the back of the right auricle and 
Opens into it, A bag of membrane (pericardium) encloses the 
leart, 

Two large veins (right and left ante 


the top corners of the sinus venosus. ) 
the veins of the head, fore part of the body, arms, and skin. 
erior vena cava) opens into the bottom 


De large vei 
Corner EC EE Tt brings blood from the veins of the 
Viscera, hind parts of the body, and the legs. | A large artery 
truncus arteriosus) leaves the ventricle, and divides into right 
left branches. Each branch then divides into (a) a 

u, Monary artery, passing to the lungs and giving off an artery 

(cutaneous artery) to the skin, (b) an aorta, (о) an artery (carotid 


Mery) to the head. 


rior vena cava) open into 
They bring blood from 


rior vena cava receives a jugular vein 
p the head and a subclavian vein from the arm. A cutaneous 
ji rings blood from the skin to the subclav ЕЕЕ, x 

t The femoral veins bring blood from the hind limbs. Some of 
his blo soa by the renal to the kidneys. Capil- 
m paru he blood to the renal veins, which 
pito 
TO; the 7 i ai 

fhe? the hind limbs 1s бөгү Pre Vade AER Un Tu 


i i а. 
Open into the posterior Pena banded ыз ip and 
and so reaches the right auricle. 


Pu е lungs, unite, and open into 


the vary veins bring 
* auricle. SUR 
€ Arterjes—The right and left aorte curve 


blood from th 
twards. They 


| 
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then run back and unite 


posterior to the heart. " mited. 
aorta form the dorsal aorta. Branches of the dorsal 


"t carry. А 
blood to the viscera and limbs, ii 
D 
from head — o tongue. to head (carotid ay) 1 
(ext jugulor ул) E T ; n 
ү У from head 


(nt. jugular v.) 


= from shoulder 
(subscapular у.) 


to ski 
= a 
— ey) 
to ar. 


г anterio m 
vena cava (subclavian 
lung оу) 
truncus 
^ Orteriosus 
from livor 


thepotic л). 


dorsal aorta 


fant 


from le. 
(sciatic v.) 


F. 


10. 164.— Frog: heart and chief yj, els 
(much simplified l— ventral view) ie 


т 
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Jn all cases the arteries break: up into capillaries, which connect 
With the veins in all parts of the body. 

The renal portal cir- 

to head culation is the circula- 


(carotid arteries) tion of blood from the 
renal portal veins 


through the capillaries 
laete in the kidneys to the 
renal veins. (The 
Mammal has no renal 


| portal circulation.) 


Pulmonary circula- 
tion is like that of the 
Mammal (p. 181). 

The hepatic portal 
circulation is the cir- 
culation of blood from 


Lo dorsal the hepatic portal vein 
aorta and anterior abdominal 
i vein through the liver 
truncus capillaries to the ho- 
orteriosus patic veins. 
Hi 1 & ranterior venae cavae 
Ow the Heart causes ^ [to heed (r carotida) 
1 from heod 


(jugular v) 


tig an floor of the 
Von Auricle into the 
а ticle, Oxygen- From L. Lung! 
n blood is forced (U.pulmonaryv) 


B^ the opening < inusvenośus 


from — From arm 
from Skin (Subelavian 


nlung (cutaneousv) VÀ 


1 


90d to Circulate . aorta 
Ке filled auricles Y 
ate tract. Deoxygen- 

d blood is forced б 


tj 
tough the opening | 


in 

lef the floor of the Pty 

M Н Suriclo into the d ost nd cavo) 

К iole, The filled B d roots of chief 

i Ti . Fra, 165.—Frog: Дз! e 
Tho gai i 3 j Ыг ыы» fal 

the Ves guarding А) ventral; (В) dorsa 

Openi from ( 5 

the p benings fro d into the truncus arterio- 


айг is pumpe d 
Sug ae close. EET E ia ИЛӘ is mainly deoxygen- 
Татар роо 0 onary artery to the lungs, 


T 
teq blood. This passes in the pulm 
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and in the cutaneous artery to the skin, to be oxygenated. 
Mixed blood comes next, a: 


parts of the body except the lungs, skin, and head. Last 
comes oxygenated blood, i 


It will be noted that the Fro 
of the Mammal. The latter is 
all deoxygenated blood leavin 
be oxygenated, and that all 


9's heart is less efficient than ig 
50 constructed that at each реш 
5 the heart goes to the lungs ti 


partssof the body receive only 
oxygenated blood. 


The Blood of the Frog 


The red blood corpuscles of the Frog are oval plates each vi 
а central oval nucleus (fig. 156). Otherwise the blood of tb 


Frog resembles that of the Mammal both in structure айк 
functions (рр. 176-179). The lymph of the Frog is like that 
the Mammal (p. 176), 


The functions of the blood 
functions of the blood in the Mammal (рр. 178, 179). 
The Nervous System 


dy 
a ted with the muscles of the E 
and limbs. Fach spinal nerve has two roots (dorsal 
ү Uniting it to the Spinal cord. 

coll 


л!) 
Ives (sympathetic nervous syst 
the spinal cord with the viscera, i 


; j 
The parts of the brain and the spinal cord and their work W 
© more fully described in a later chapter, 

The work 


3 У "пі 
work Of the brain is to receive information concern ў, 
What is happening to the body, and to control the ол] ji 
the different organs so as to promote the welfare of the ani 


connect 


are as already described unde 


The Frog 201 


The work of the nerves is to carry messages (impulses) between 
brain, the spinal cord, and the different parts of the body. 
pulses reaching the brain and cord from the different organs 
Inform the Frog concerning what is happening within and 
Around it. Some of these impulses may result in the pro- 
Uction of sensations, e.g. those of sight and smell, Impulses 


Fore mid brain 
Агаіп + hind 
ке 4 brain nat 
rai 
(A) optic nerve. 
Fore brain, hind broin spinel! 
/ е j nerve 
() A (D) 
to 
orm 
(С) 
fore ere BO 
leg 


hind brain P 
Fig, 166,—Brain: (A) Frog; (B) Rabbit; (C) mpn from left side; 
Г (0) brain and spinal сога of Erog (dorsa view) 


ing from the brain and cord to the ur ерү. 
is Frog to work its muscles (see Part П, fig. 89, p. 


Make secretions, e.g. the digestive juices: 


© Sense Organs and the Senses A 
jj; Usually speak of the “ five senses," VIZ: is о 0 
bay? 8nd hearing: There are several ru DE. M n 
x Nee, and the muscular sense, which tá Snag enn ite 
ч Our muscles. Sensations ате the тези 
a iti i 1 пзе Organs. 
eee ce ee ted in the nasal capsules 
S л are situa 
(Pang Sense organs of smell are s 


; ituated in the 
U, p.132) The sense organs of touch are si N 
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The sense organs of taste axe 
Р. 134). All these sense 
Sensitive cells. The sense 


| 


sation is produced, „Erom | 


How the Frog Sees 


Instructure and mode of acti 
a box camera, The front of 


on the eye of the Frog resembles 
the eyeball is a transparen 


: 
| 
| 
| 


Opaque white coo | 


Jelly like | 
Fluid 
T 
Ae | 
ДЕА (to brain) | 
; Г blind spot | 
T i retina oa 

black pigment g | 

and blood vessels 


Fic. 167.—Diagram of eye of F, 


rog (horizontal section) - 
window (the cornea), throu; 7 
Focussing is done, as in the camera, by a biconvex lens. Т. 


1. 
can be moved backwards and forwards within the еуера 
Between the cornea, and th 


curtain (the iris) with a Centra] 


gh which light enters the еу! | 


© Inside of the back of the cyoUM { 


retina, Tt c 


This surface layer is Ё 
Real, Inverted, 


D 
itive plate of the camem" | 
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BUR sp produced cause impulses to travel to the brain along 

meee nerve, which connects the back of the eyeball with the 

ae 1. The spot at which the optic nerve connects with the 
ina, 1s called the blind spot. It is not stimulated by light. 
a images formed on this spot are not seen. 

th Xcept in a few small details (compare figs. 167 and 168), 
© eye of Man is similar to that of the Frog, but focussing is 


Fro, 168 i bbit, Man) Diagram of 
: .— Right eye of Mammal (Rabbit, ^ р 
horizontal КЫА (conjunctiva and eyelids omitted) 
айы ; д b-blind spot (no 
Visio, due Т = vitreous humour, SP n 
ution), 3j ello spot. (most distinct vision) dcr aa 
» om —eili ; iris, I-lens, p=pupil, r=retina, а= 
ШО НА a eats Me E nt. (yisnot present in the Rabbit.) 
6 я > 
енед by muscles (ciliary muscles), which alter the convexity 
р the lens, The action of the iris and the alterations of 
а ions (convexity) of the lens are reflex Cana and the 
Mal is not aware of them (Part II, PP- 141, 142), 


OW the Frog Hears ae " 

j he chi f ing is the inner ear. 

lg chief part of the organ of hearing ` : 

B а collection of canals and sacs lodged in the cavity of the 

co, OY capsule (p. 190). Tt is filled with fluid, and its walls 

to, tain sensitive cells. Тһе nerve of hearing (auditory nerve) 
ects these cells with the brain. / 
Passage, the middle-ear cavity, stretches from the inner ear 
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to the side of the head. The eardrum (р. 189) closes the outer 
end of this passage. A bony rod (columella) extends from the 


drum to the inner ear. Sound waves strike the drum, It 
vibrates, and its vibration 


inner ear. They cause the fluid in the inner ear to vibrate: 


Right middle and inner ear seen from 
Slightly exterior (diagrammatic) аг 
i =columella crossin, middle 
skin or р 18688 (=cochlea of Mammal), E =Wustachia® tape) p 
anterior vert. 2 (upper) =skull, h =horizontal (exterior) canal, Add 
canal, d зл сапа], P=posterior vertical canal, ат =ampulla 

> @=part of endolymphatic duct, ц =utriclo, в (lower) =sacoule 


(Excretes) Waste Matter pe 
\ Said that the chief waste roducts formed in t? 
animal body are Carbon dioxide, it and urea. Most © 


В are carried by the columella to thé 
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ne carbon dioxide and some water vapour are got rid of by 

di © respiratory organs. Nitrogenous waste in the form of urea 
Issolved in water is got rid of as urine by means of the 
dneys, which are the chief excretory organs, 


En the liver forward. This exposes the kidneys and the repro- 
organs. Identify and sketch. 
moo kidneys are a pair of oblong, dark red glands lying in 
© Middle of the body-cavity and just ventral to the spine. 
oa duct from each kidney opens on the dorsal wall of the 
E Urine passes down the ducts and into the bladder, 
ich periodically discharges it into the cloaca and it is 


е 

Xpelled from the bo Ду! 

is a Ote a pale yellow patch on the surface of each kidney. This 

th 19 adrenal body. Note also that the renal artery enters, and 

lias опа! veins and urine duct leave the inner border of the 
Sy. The renal portal vein enters its outer border. 


How the r rog Reproduces 
the male Frog has a pair of oval white testes attached to the 
dneys by folds of tissue. Sperm fluid containing spermatozoa 
ale gametes—see Part II, fig. 73 and p. 114) is made in 


© testes rough sperm ducts to the kidneys and 
юну еч ducts. It collects in a 


ten 
With the urine down the urinary 
8 . H 
ium Sac on the course of each duct and is discharged to the 
erior dun > о à 
during the breeding season: A REOS usod tE 


€ female has a pair of sac-like ovaries › 
aa testes, Eggs (ona) are shed into the body cavity. By 
"Own means they enter the upper open ends of a par of 
mo cts. These are coiled white tubes which open below on 
be, dorsal wall of the cloaca. Ova passing down the уны 
к Чаше Coated with slime and are discharged to the exterior 
$ E the breeding season. 
fom, the н the male clings to the P e mme 
але and both enter the water. The female sheds her eggs, 
cgp, Ue male pours sperm over them: _The slime т ү 
a SWells, forming a floating mass of jelly (spawn) wi eggs 
th, Spermatozoa embedded in it. The spermatozoa wriggle 
ош the jelly, enter the eggs, ‘and fertilise them. Тһе eggs 
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i olk 
are black above, white and filled with yolk below. The y: 
is the food of the young embryo, 


{ 
ру 
nd excretory organs of Frog (diag: | 


Fig. 170.— Reproductive a X fat body 
matic), =male, C =female (left Ovary, oviduct, and 
omitted) la аде}, 
2--aübdomina] aorta giving renal arteries to kidneys, ms duo 
¢=cloaca, d —adrena] body, f=fat bo у, k —kidnoy, PU ct, 087. 
carries sperm ag Well as urine in alo), 9 —ovary, od =ovidu 
Ovisao, 7 —rectum, v —inferior vena 


e Fertilised Egg мој! 1 
yo 15 seen coiled up within the ЕЕ with | 
ture and warmth aid te development. ‘The young tadp cub | 
and long, laterally flattened tail boo unde ШЕ! 
- _ Tt has a sucker like Cement gland on t rema ЭШ 
its head, by which it remains attached to the j 
ome days. lt fee 


S 
„еІоР' | 
уе. | 
a water plant or simi . It de 
& pair of 7, jt Y 


{0 
ir of audit o | 
1 eyes, and a pair O1 mA | 
EE pits on the side 9r od 


like externa; gills, containing many 
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Icell z cells 4 cells 8 cells 


e 000. 


ут 
y el € La 
EES 


% & 
ж 
enm W. xe m 
5 (6 wks) T 
An. 6(дшз) 


DS 
7(12 wks.) 


d metamorphosis of 


Fig 
[ 171.—Diagrams of stages in development an a 
е. Eggs undergoing segmenta- 
2а and 2b. Freshly 


Его, 
tog. 1. Freshly laid eggs; la to 1 
ion? у laid eggs; la 
nu 2. Eggs containing young tadpoles; 

ched tadpoles; 3 to 7. Later stages of development (not drawn 
Frog) ^ scale; 7. Tadpole undergoing metamorphosis into young 


Eb an 
A( wha) 


—mouth, a =auditory organ, е=еуе, n —nostril, 
(gill cover) covering 


g= 
С external gills, m 
ih, =operculum с ) 
& of hind limb, an= 


сам 
n Sa gland, i=intestine, op 
Openin, Bills, of =орегешаг tube, h 
as 8 Of cloaca. 
‚буе, 

i ae gills, and out behind the gill cover™ The tadpole now 

ез a fish, respiring dissolved oxygen by means of its 

At about eight weeks metamorphosis takes place, 
F a small Frog. Hind 


tho E gills. 3 
1 1 into 
NG Dole сапкан ы деш о d the mouth enlarges. 


A. Appear, the horny jaws are shed, ап! " 
WS Bit of Lungs grow db Jem the pharynx, the fore limbs develop, 
ао Sills wither, and the gill slits close: The young Frog now 
hou? the surface of the water from time to time, and fills its 
ea; h and Jungs with ай. Tt respires like the adult Frog, by 
‘tai NS of its mouth, lungs, and skin. At about twelve weeks the 
Erop Sappears, being absorbed and used as food. The young 
itto Dow eats animal food, leads an amphibious life, and grows 
an adult Frog. 


—rudimen 


Се 
in 
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QUESTIONS ' 


1. Name some features of structure which are peculiar to the 
и Frog. Of what value are they to the animal? А 
9. Sketch the skeleton of the Frog. In what respects are the 
pectoral girdle (shoulder girdle) and pelvic girdle (БІР 
girdle) peculiar? 

_ 8. Describe and sketch the digestive system'of the 
4. Describe the structure and work of the heart of the Frog. _ 
5. Sketch and describe the circulatory system of tho Frog: 

Note how it differs from that of a М 


ammal, 
6. Describe the development of the Frog from the egg to 
adult state, б 


‘Frog. 


CHAPTER XXIII 
NUTRITION IN THE GREEN PLANT 


How the Green Plant Feeds 
o Ey have already been told that an 
or Re orale, often in solid form. ood; х 
iss R 9/ soluble before they can be used within the animal 
| Eso They are either built up into protoplasm, or are 
Nd with the liberation of energy. In an earlier chapter 
[m II, pp. 124-196) it was briefly stated that the green plant 
Stan hot take in ready-made foods, but takes in simple sub- 
a Сев which it builds up into foods. Carbon dioxide is 
ta En in by the leaves. Water and dissolved mineral salts are 
р in in by the root-hairs. From these simple substances the 
4» makes complex food-stufls, which are used either in 
Ging up protoplasm or in liberating energy: | That is, 
b ү, are used just as similar foods are used in the а 1 
Sub have now to consider how the plant takes in these simple 
& Stances, how it builds them up into foods, and how the 


0 
ds are used. 


animal takes in complex 
These foods are digested 


bo : d materials it 
negy. Show that the green plant can obtain ай the [оода гиа v 
n from the air PE from a solution of mineral salts in water. 
cuj, кө а solution containing 1000 с.с. of distilled water, 1grm. of 
aci Jum nitrate, -25 grm. each of potassium nitrate, potassium 
chlo Phosphate, and magnesium sulphate, and 2 drops of ferric 
abo 2de solution еа bottles, each of 
dip DEO ‘th black paper: and sterilise. 
n ith i h one hole 
Pace ch with a cork bored with three holes. Throug! 
Ши, à glass delivery tube reaching to the bottom of CE 
Ugh the second hole pass а glass tube reaching just below tho 
i n seedling With roots about 3 in. long, and plug 
Ha, nto the third and widest hole cans of cote GN 
Sac O8 fixed a seedling into each cork, about one quarter fi 
о { 1 апа arrange its cork so that the 
pa . Leave in a warm, 


D 
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1 ing air Ш 
i time to time aerate the solution by blowing 1 
pene eee E delivery tube. Renew the solution as u 
AES that the seedlings show continuous healthy growth. E 
co the seedlings with others, some grown in soil, and som È 
distilled water. 


The Structure of the Green Leaf 


You have already been told (Part II, 


p. 125) that carbon - 
dioxide enters the pl 


P 

£ 

Б 

Ж‏ ‚ م 

ant by way of small pores, called stomata З 


he other green parts of the plant. The - 


a 
practically air- and water-proof by. n 
coating of a Substance c. 7 These cells contain 


Here and there am 
the leaf—are a nu 
he stomata, 


i ]Is— 
ong the epidermal ce F 
mber of small oval оре 
ings. These are ți Each stoma is bounded bY 
pair of half- 


These are the guard a 
hey contain chloroplasts, which are small oval or disc- 
green bodies. i i 


ей 
» and the stoma is partly clos 
© use of this later, 


«opts 

Place a leaf in boiling water for one minute. The ep ideed 

can then be stripped off. Mi 

water on a glass slide, 
Repeat, using a le 

darkness, Not 


4 


ә 
he E 

der the microscope: кш in 

1 ty-four hour 

n Shape. of the stomata. 


of - 
the upper and lower surfaces 


:qdler _ 
Or mesophyll (Gk. mesos =й 
Immediately below the upper epidermis 
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two or three rows of cylindrical cells set closely side by side. 

hese form the palisade parenchyma. The remaining meso- 
Phyllis spongy parenchyma. Its cells are rounded and 
Irregular, with large intercellular spaces. The mesophyll cells 
Contain many chloroplasts. Small veins (vascular bundles of 
the leaf—Part II, p. 126) end among the mesophyll cells. 


i non 
F ; | 
a 172.—Leaf of Wallflower. (A) Transverse section; (B) Б уаз 
+ View of epidermis with stomata; (C) Stoma: EM ES 
Section; below, seen from exterior. Dotted lines sho 
of guard cells when stoma closes 
сер! i ini =palisade parenchyma, 
"—epidermis (external wall eutinised), РР=Р 
ae =air meet gc =guard cell, o=aperture of stoma, 
= , 8= 
5bongy parenchyma. 


Hoy the Green Plant obtains Carbon Dioxide 
he stomata, and passes into 


Air e 
Г enters the leaf by way of t í 
fho intercellular spaces. The air contains about :03 per 


„carbon dioxide. Some of this gas passes through the 


Walls of the cells bounding the spaces, and dissolves in the 


се] 
t light it makes 


i :1 and plentiful supply of 
o Ер CL. EP t obtains its additional 


а Of о айоо. That is, the plant 
М Ds ымы, e, produced in respiration, 
ing апа uses the carbon dioxide d ELI 

Sad of giving it out into the ait аз an anima | E 

пез food-making ceases, and the carbon dioxide produce 
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in respiration is not needed, The plant then gives it out into 
the air. 
Dm To show the Presence of 
Фс Stomata and — Intercellular 
LA, EO Spaces in a Green Leaf— 
Fit up the apparatus shown. 
in fig. 173. Fix the funnel 
to the surface of the leaf with 
tallow or seccotine, Smear 
the rubber tubes and joints 
With vaseline, Open clip 0. 
Suck water up to the tube Ж. 
Close clip. Allow apparatus 
to stand. In time the water- 
level falls to Y, showing that 
air has entered the apparatus: 
Tt must have done so throug? 
the area of leaf under the 
funnel. Stomata must be 
Present in this surface of the 
leaf. Aj: spaces must be 
present in the leaf in order 
that air may reach thes? 
stomata. Repeat the охрана 
ment, using the other surfat 
of the leaf, 
Some leaves (Iris, Rhubarb) 
и neve stomata on рон a 
Ја: 7071: Porometer, To show 9058: some floating leo er 
ЕЛҮЙ of stomata (and inter. (Water Lily) in the d 
paces) in а green leaf Surfaco only. Most wer 
Cdi, ХА м» | have them mainly in the lov E. 
-new inm Ive or water, surface. A few leaves (SU 
vel of water, merged leaves of water plant 
Hos " ave no stomata. 
е Green Plant uses Carbon Dioxi 


hydrate Food-stufts (Sugar and Starch) 


The chlorophyll in the ch] 
Power of being able to absorb 


oroplasts has the remarkable 


ves 

$ Energy from light. It give 
i ae ‘LEY to the protoplasm “of the p which contain. 
oroplasts. The protoplasm uses this energy in building 


Up sugar from (9 ioxi i i 
is a chemical pos dioxide ang water in the cell-sap. Thi 


1 Я ion which ca k 3 ; ergy 
18 supplied, and can take plac оошо 
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ight. 
a R of sugar formation from carbon dioxide 
h І е presence of light is termed Phot ji 
€ reaction may be shown as follows :— ror 
6CO, + 6H,O + Energy = C; H;50; +603. 


To sh 
0 0, 15145 
from the o n Light the Green Plant absorbs Carbon Dioxide 
А nd gives off Oxygen, but does not do во in Darkness— 


(b) Candle relighted. 
Oxygen replaced 
roduced during 


Fig 1 photosynthesis). 
74. Photosynthesis. During exposure to light a green plant 
liberates oxygen 


PI absorbs carbon dioxide and 

Ace 

mouthed growing potted plant and & candle in a large wide- 
Montp Pell-jar as in Ва. 174. Light the candle, and close the 
апды 9f the jar with a greased coyer-plate- After a time the 
Prog,” uses up all the oxygen it can, and then goes out. Tt 


ui 4 
Ces carbon dioxide and water vapour’ Leave the jar for 
ted taper, and try to 


Oxygen. 


Sey, 
Vera i 
д l hours in bright light. Insert а ligh ‹ i 
0 e candle. It relights, and bums for poe I р 
pas been produced im he 


i OW 
Јар, 5 that а fresh supply of oxygen 
ene Carbon dioxide removed by the plant. |. 
FRI RANG the experiment, keeping the plant and jar in darkness. 
Anh CD will not relight. This shows that the plant kept in 
А ate has not removed carbon dioxide, nor has it set free а 
Lo gj Ply of oxygen in the jar. 
19], ed the Presence of Sugar in a Green Leaf 
ако a fairly young leaf from а plant 


after exposure to 
(e.g. Cabbage) 
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ing in li i Т tar 

i been growing in light. Grind the leaf in a mor 
n 10 COAT water. Filter the extract into a oid. 
Add 5 c.c. Fehling's solution. Boil. A yellow-red precipitate 
of cuprous oxide shows the presence of sugar. 


The sugar gradually changes into starch, which is insoluble: 
'Тһе removal of the sugar from the sap makes room for.more 
sugar. Thus, so long as the leaf is exposed to light, and carbon 
dioxide and water are available, sugar is being formed in the 
mesophyll cells and is being changed into starch. 
of Starch in a Green, Leaf which has beer 
a green leaf which has been exposed id 
light for some hours. Boil hr 
water for three minutes 8 
kill the protoplasm. Imma 
in a test-tube of alcohol stan 5 
ing in a beaker of hot water: 
a The chlorophyll is extracte 1 
and colours the alcohol. Was 
the leaf, апа place it ın ing 
evaporating dish болшы in 
iodine solution. The БТ 
turns blue-black, showing 
presence of starch. 5 

Repeat the experiment, КШТ 
@ variegated leaf. No ЫСА,» 
is found in tho non-B 
parts of the leaf. This show 
that starch is not fo 
the absence of chlorophy. dis- 

To show that Starch ji dn 

appears from a Leaf kep! yo 

the Darkness, and that ne 
Fie. 175.—To Show that a green leat ?8 made unless the Leaf am 
does not form starch in absence posed to Light—Use the $ Bi 
oe aon і - plant аз in the last ехр 88 
Synthesis Occurs) ment, Place it i darkn. 
lug soaked in lj for fi -eight hours. 
CER S Re Байа cons нын, each mae um of its Jen 
=r freed from carbon dioxide,” lip two small cardboard a 
80 as to cut off the light үр? 
Place the plant in ligh ex 

Treat it as in the Jed 

Covered part of Ше 2 
This shows that in sul 
af, and that on later expo' 


To show the Presence 
exposed to Light—Take 


t ıd in the exposed parts, 
ness starch disappeared from the le: е 
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рен a fresh supply of starch appears in only the exposed 
-m of the leaf. 
Ree, show that Carbon Dioxide is needed for Starch Formation.— 
Мер a potted plant (Fuchsia, Primula) in darkness until its 
bx es are free from starch. Test a leaf to make sure. Into & 
ol 1000 с.с.) flask containing 90 c.c. of strong caustic potash 
Split lon insert a leaf as shown in fig. 175. Plug the flask with a 
Cott tubber stopper and plug the leaf-stalk in position with 
Bina wool soaked in lime-water. Plug another leaf into а 
or iar flask containing 20 c.c. of water. Leave in bright light 
Six to eight hours. Test both leaves forstarch. Noneis found in 
Potash =, in the flask containing caustic potash: (The caustic 
Starch has absorbed the carbon dioxide of the air in this flask.) 
18 found in the other leaf. 


ow. Carbohydrate (Sugar, Starch) are used in the Green 
ant 


ut has already been shown that starch stored in the ees 
of Bee Periods of light disappears from them during bee s 
18 arkness, It is changed by enzymes (diastase and maltase) 
Into maltose, and then into glucose. This is just how 
is digested in the animal body. Tih E bs 
cell- asses into 1 
art IT, fig. 80, S NE These carry it to all 
Den of the plant. It passes from the tubes into ua sap xd 
the Cells of the different plant organs: Oxygen ta snag 
ried in the process ОЁ ылы EM is 
f Oxidises the sugar. Carbon ©. 
биле, and energy is i free. This reaction шау be shown 


0,H,,0; + 602 + 600; + 6H,0 + Energy. 
hus, i 1 : mal, carbohydrates are 
Chan, © the green plant as m the anima, at 
the 86а into glucose, which is the source of energy within 

ı the plant is much 


yy Ез. | 
'2/— 1 

Y the Plant needs Energy—Althous ns often perform 

The plant also 


les 
КН i 
Moye tive than the animal, plant, ^7 
?Tents Energy is needed for these. toplasm. Hence 
it Sas long as it lives, i.e. it makes new protop tions which 
tak, Shtinually needs energy for tho ch [UN ККА 
© place when the new protoplasti ÎS made. 
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W. i ineral 
How the Green Plant obtains ater and Dissolved Min 
О 

Salts 


А 61, 
t has already been explained that the root-hairs c. 
us and these only, take in a dilute solution of salts dd 
p alana In addition to the air which is found in the de Я 
еи the soil particles there is soil-water, which sat Е ater 
the particles and forms a film on their surface. The aa 
dissolves salts from the soil. Among these salts are nr АЙП 
sulphates, phosphates, and chlorides of potassium, “O dilute 
calcium, magnesium, and iron, "These are taken in as i T 
solution by the root-hairs, The saline solution trave ae 18 
parts of the plant. Much more water is taken in of the 
needed by the plant. The excess is got rid of by Way, to the 
stomata. This loss of water vapour from the plant in ho 
air is termed transpiration, We have now to consid 
i ters the plant, how it travels to S 
excess water is got rid of into the а 
Root-hairs 


Examine under the 


- 
dling 

hand-lens the ends of the rootlets of see 

(e.g. Mustard grown o; 


n damp, Jlannel). 
About 1—1 em, behind the ti 
glistening thread-lik 


n all sides of the rootlet, The ia 
rootlet ends in a gtowing-point covered by a small m an 
Shaped Tool-cap. The short length of rootlet between ee in 
the root-hair zone is the region of most rapid growth ( 

p. 158), petweee 
As the rootlet lengthens and pushes its tip forwards t of the 

the soil particles, new root-hairs are formed in fron 

and old root-hairs die off behind. 

Reamine under th 


v. 
3 secti 
16 Microscope a mounted transverse 

Phe root hair region of a young root. Sketch. 


of 


ed 
іскра 
Each Toot-hair is а finger-like outgrowth of a b Я 
cell of the surface layer of the root. T4 has a cellu wn th 
lined with à thi Totoplasm. A nucleus fe сай 
The centr 
is full of clear sap. 
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(A) Transverse section 
(B) Part of root (hand-lens) 


Ta, 176.—Young root of Wallflower. 
nS (magnified—low power); 
A c root-hairs, ze -:zone of elongation. (‘growing 7 
phas em, ph =phloem, co =cortex. Cambium lies betw! 

em, but not yet clearly differentiated. 


one’), ro =root-cap, 
een xylem and 


] 4 
DT ® 
A bU 


Fig, 177.—Root-hair, soil particles, film of soil-water, a ra 
а —air, ш = Water, p =soil particle: r root, n —nucleus o 
root-hair Ce 


16 
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$ el 
How Water and Dissolved Salts enter the Root-hairs and Trav 
to the Leaves 


The sap of the root-hairs conta: 


ins sugar and other sub 
stances in solution. 


Their presence causes the sap to m. 
a force called osmotic pressure (Gk. osmos = push). ты. Es 
causes a dilute solution of salts in Water to pass from m. y 
surrounding the soil particles through the cell-wall ani E. 
of protoplasm into the sap of the rootshair, . The i E 
solution taken into the cell-sap causes a great osmotic Dres ‘ils 
to be set up between it and the Sap of the neighbouring sot] 
of the root. Salts and water therefore pass from the т E 

hairs into the neighbouring cells, The process is AP 
from cell to cell, deeper and deeper into the root. The d a 
Seated cells which lie next to the xylem strands of the We. 5 
core of the root give up water and salts into the xylem Me. 

(Part IT, p.126). The Vessels carry water and salts from 


the 
to stem, and into the leaves, Here the xylem vessels of th 
veins end among the mesophyll cells, J 


: айз 
How the Transpiration Current of Water and Dissolved 8 
from Root to Leaves 18 Produced con 

The mesophyll cells are full of watery sap, The sap 
tinually loses 


asm 
Water, which passes through the proton ia 
layer and cell-walls and evaporates into the air in the i 


the 
rom these spaces it diffuses by way у irl 
i This loss of water is transp 


their deeper-seated neighbour; 
cell. The 


from the ends of the y 
nings in the Toots, 


columns into the mesophyll 


0 : “pull, 
cells sets up a tension, or “ P 
This cause: 


the 
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cells, we have seen, draw supplies from the root-hairs. To 
make up this loss, the root-hairs absorb water and salts from 
the film surrounding the soil particles. The absorption of 
Water and salts by the root-hairs and the upward flow of the 
transpiration current are therefore due to the tension in the 
Water columns, and this is due to the loss of water transpired 
by the leaves, Тһе tension produced is very great, and is able 
to raise water to the tops of the highest trees, some of which 


are more than 200 ft. in height. 


Fig, 178.—To show that a green plant loses water by transpiration 
'oofed. 


o =соуег, p =pot. Both waterpr 
t by Transpiration— 

froma Green Plan - 
il Ako а wvell-watered young potted plant. 4 08 ЖЫ go А in 
ip? bottom of the pot. Stop the pores їп the товару s MER 
tie pot a Tio аш, gael Jie and the stem. 
Weê (seo fig. 178), vaselining E y ne ү negt ad ded 
8 а ntents. ей; a ; 
E th. ^ Ро Ване twenty-four усе ы by E 
piration noted, showing а. tog ШЕ a cut leafy shoot standing 

H epe 


iment, using 
“Similarly air-tight yesse 


te Show the Loss of Water 


1 of water- 
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and the narrow-bore tube are filled with 
position of the end of t 
paratus in moderate ligh 


water. Note the охо 
he water column in B. Stand thee 
nt and temperature, Note and mea 


» 


Fig. 179.—Potometer, To measure j 
(A cut leafy shoot r 


lant. 
ntake of water by a green р. 
may be used 
hours before use) 


-four 
if cut under water twenty 


ar- 
5 taking in water. The арр. 
e set up twenty-four h 


shoo 
ours before use. Tf a cut 
| rate 
tinuously under water. Test the effect Produced upon the 

of intake 


e58, 
ing the plant in sunlight, darkn 
Osphere, and dry at re. 
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Which live through the winter store much starch for use when 
growth becomes active in the following spring. During the 
first warm days of spring this starch rapidly changes into 
Sugar, which dissolves in the sap. ‘This sugary sap exercises 
a very strong osmotic pressure. Water is therefore very 
Тару absorbed in large quantities by the root-hairs. The 
great pressure of this sap in the cells of the roots causes it to 
Pass into the xylem vessels and forces it up the stem. The 
force exerted is called root pressure. Thus the growing parts 


Teceive the supplies of food and water needed for rapid growth. 
Root pressure under even the most favourable circumstances 
. Will only suffice to force the sap to а height of about 20 or 30. 
feet. Тұ soon ceases to exist: indeed it does 80 just when trans- 


Piration is becoming most active, t-e. during summer. It is 
{ the cause of the flow 


Herefore evident that root pressure is no | 

P the transpiration current, although it aids it. In any case, 
.'5 never great enough to force water and salts to the tops of the 

Mighest trees, M 

ing Plant (e.g. Geranium, Vine) 


sho j 
То по Р. re ina Grow: А 
oot Pressure in TF attempted during summer, 


ning Spring— xperiment fai 
ü nen RUM native.) Тако the potted plant on d on 
lé stem about 6 inches above the soil level. Attach tot коп rena 
t Barrow vertical glass tube by means of a short eaan p ru | 
seine. Make the joints air-tight. Support. the tube by MRTE 
i vst into the soil. Pour water into the tube 80 that i IA 
Na above the rubber tubing. Water the d iuam dud 
to êntyafour hours. The water rises in the tube, ther 


Ti 
006 pressure. 


Ev the Plant uses Water and Salts SE 
Tat 

i Both are used in making protoplasm.: W ia E eim 

100 the composition of the protoplasm. s a Aes 

alts, sugar, and other food materials; and carries the 

s sed in sugar (and 


issues уе aln hat it is u 
. We have already seen tha Ло апаз 
pitch) making. Nitrates are specially needed for protein forma 


Tn the leaves they react with glucose, and um b 
VIU0-coyy pounds. These are carried by the sieve-tu ү 
Phloem to all parts of the plant, particularly 9 ае Mi ly 
Owing tissues. Here the protoplasm of the ce ca a he 
P into proteins, and finally into protoplasm. he 
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tained from - 
sulphur, phosphorus, and other elements are ob E 
Epist phosphates, and other salts dissolved in the Me 

of the transpiration current. The oxidation of glucose liber 


ates the energy needed by the protoplasm for carrying Out. 
these reactions, 


QUESTIONS 


1. Describe and sketch the structure of a green leaf. 


t 
2. Why does a green plant need carbon dioxide? From wh& 


sourceisit obtained? Describe an experiment to show how 
it enters the plant. 


8. Compare the effect on the 
plant kept (а) in light, and (b) in darkness. 


m 
4. How does the green plant make use of (a) carbohydrates _ 
(b) mineral salts ? 1 


à a 
5. Explain how water passes from the soil to the leaves of 9: 
green plant, | 


hio à T en 
air in which it lives of a gree 


= 


CHAPTER XXIV 
RESPIRATION IN THE GREEN PLANT 


Internal or “ Tissue ” Respiration— 
к in the animal so also in the plant, internal respiration 
M place at all times in all living cells. In this process 
ee, dissolved in the cell-sap is oxidised by oxygen dis- 
a in the sap. Carbon dioxide and water are formed, 
of пешу is liberated. ‘This energy enables the protoplasm 
Es. plant cells to carry on its various activities. 
qm ernal respiration is also 4 continuous process, but the 
Pe shows no “ breathing movements.” Although the 
уоп used in zespiration is originally obtained from the 
it, we shall find that the plant does not always absorb it 


тесу from the atmosphere. 
Darkness 


Hi 
OW the Green Plant Respires in 
by the plant is obtained 


ao darkness the oxygen used by ©. 
8 ectly from the atmosphere. Air diffuses through the 
tomata of the green plant into the intercellular spaces. 
GM of its oxygen dissolves in the film of water covering the 
Gs ls of the cells bounding the asses into the cell- 
E and is used in the process O al ООН ЛШ The 
Sam on dioxide produced in the plan ура р к 
ie oun but in the opposite direction, and во reaches the 
Phere. » 

us Ost non-green plants respire in this way at ү PUN A 
Te „егу lowly non-green plants, eg. tes acteria, can 

Spire in the absence of air, The oxygen they need is 


5 " 
"Dplieq py decomposition of their protoplasm. 
y р Y 
en Plant in Darkness—Tie 


To sh Respiration Of a Gre 
ti mall Е Ae ied d glass rod about 6 inches long Во 
pi the top of the test-tube is just below the top of ME 
Race a few cubic centimetres of water in the test-tube. 2 
Ө cut end of a leafy shoot in the water. Set the shoot, test- 
223 
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tube, and rod in ai Margo fesl averted 
shown in fig. b ou 

E rec Fat ae the leafy shoot. Set hoth pa 
of apparatus in darkness. Юха Js 
after twenty-four hours. Ios the 
flask containing the cut shoo x 
baryta water is very clove аа 
has risen їп the flask; In the oF d63 
flask the cloudiness is hardly us the 
able, and there’ is no rise оа 
baryta. This shows that the d 
Shoot has absorbed oxygen, 
has given out carbon dor the 

Repeat the periment; keen ae yin 
apparatus in the light. The e 
does not rise, nor does it pape 
cloudy. Plunge a lighted n 
into the flask. Тһе taper This 
more brightly than petora shoot 
Shows that in light the lea d a 
Fra. 180.—To show the respira. has not taken oxygen from. dioxido 

EE a sheath plant (or of It has not given out carbon dio? 

а lea: y 


ive 
Shoot)in' darkness ^ into the air, but has actually & 


„Z air, into which the plant Ouf oxygen, 
liberates carbon. dioxide, r= 


o 
in a vessel of freshly madi 


reen shoot 
baryta water, absorbs the gas, We know that the g nt 1.6. 
UE cloudy, and rises in neck used in the last хропе mu 
iret ept in a lighted situation) 
respire, 


obtains its oxygen from an“ en 
This source is the ОХУ? 
(see р. 213 and fig. 174). 


respiration and Dae 
results in the Production of more oxygen than the green Tygon 
needs for respiration, Hence the plant takes in ПО тойи 
from the air, but supplies its needs from the oxygen РГО 185 
within its cel by Photosynthesis, The excess ory ger fon i 
into the air. On the other hand, carbon dioxide is ta “duce 
Hom the ai! qui dac a the carbon dioxide PF nt 
in the cells by the process of respiration is less than the Р 2 
needs for Photosynthesis. 


+ 
К 
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б То show the Respiration of Non-green Plant Tissues—Set up 
a apparatus used in the preceding experiment, but use a stalk 
f Celery, pieces of Mushroom, flower petals in a linen bag, or 

Pieces of well-washed roots, instead of the leafy shoot. 
The baryta rises and turns cloudy, whether the experiment 
? performed in darkness or in light. 
ks shows that the non-green tissues 
Corb oxygen from the air, and give out 

ШУ. dioxide at all times. 
Take show tle Respiration of Seeds— 
fig bs glass U-tube and fit it up as in 
one 81. ЕШ it to a depth of about 
Sup ch with fresh baryta water. 
M Six or eight soaked peas about 
is inch above the level of the liquid. 17- 
por both limbs with rubber stop- 
limb. Mark the level of liquid in each 
us Leave for twelve hours. 'The 
nain rises in the limb containing the 
that, ds di опат: This shows 
peas have, taken in oxygen, r ) 

a 0 produced carbon dioxide, Ele: IS aa enon 
Ch has been absorbed by the Багуа. бу їп айг (aerobic 

i spiration. 
my dormant seeds, although rest- dE jen ) send 
э are alive, hence they respire. water, absorbs carbon 


[i use they are inactive they nee Wioxide produced by ro- 
Я 


i T iration. of peas, and 
3 energy, and hence little oxygen. ae tion sb of tubo. If 


e litt B ied b R il be used the gas 
the q le they need is supplied y o absorbed, and there 


€compositi ir protoplasm. 1 
This Крон b Nu Ed 5r pire js no rise. 

hem А} 
ig the ab ‘of air. ТЫ ‘vation in the absence of air 
i sence of air. is respir 


p aerobic respiration. ! 

€Spiration in the presence of air 18 aero Ашы 

Oduces much more energy; hence is the mode o ne AA 

e active living organisms. A few animal PR pier = 

ûn, thin the tissues, or in the gut, of omae CER dur 
Aerobic respiration. They lead inactive ives, & 


r H 
ded py peady-digested food which thoy is MUR e 
OS they need little energy, and therefore little oxygen. 
тесев та woody plants the epidermis e о Aaa 
id need by a covering of impervious tissue man y 3 SESTA 
Me а covo Та places BET PH ЗЕ sm 


bic respiration. Tt 
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: ith inter- 
tion openings called lenticels. "These communicate with of tho 
cellular spaces in thè underlying ground tissue [соо йо е 
stem, and perform the function of stomata. Lenticels are usué 


visible as small, rounded, slightly raised, oval or linear markin 
on the bark of woody stems, 


ig, 
To show the Presence of Lenticels in the Rind (Bark) of a Тш} 
and of Intercellular S; 7 


paces communi 
twig be used, all parts, 


winter twig, all buds mı 


Fic. 182 


.—(A) Section o; 


(B) Horse Chestnut 
t=loose cells, 


f а lentice] (diagrammatic). } 
(winter twig with lenticels) cam: 


=cork 
{ =epidermis, ck =cork, cch тү (lateral) 
ium (Phellogen), € —cortex, t —terminal bud, a-—axillary | a pud: 
bud, 8 —leaf Scar, bs =bud Seale scars of previous year’s termin 
From bs to 


=one year's growth of twig. 


bber pressure tubing. Attach i 
other end of the tubing. Make joints a use 
Immerse the wl es if a summer twig i pubble? 
Pump air into the twig. Air- ata 0 
the lenticels, and burst. also from Stor ool 
mer twig. This Shows the presence of 


: tbe 
ithin. 
and that there is a System of air spaces with 
cating with them, 


Giv? 


Ho“ 


(b) germinating, seeds respire. 
te the respiration of seeds? à 
fetch a lenticsl, What is its function 


could you 
4, Describe and 


ly 
g5 

2 er 
cating with them—If a summ 


including leaves, must be intact. 
ust be intact. 


E 


| 


$ CHAPTER XXV 


IE SEED: ITS STRUCTURE AND GERMINATION. 
THE SEEDLING 


H Y | 
OW a Seed is Formed, and How it becomes а Seedling 


Js Seed consists of a very small, immature plant (plant- 
ae) and a store of food, enclosed within & seed-coat 
as H Seeds are produced only by flowering plants. It 
cell already been stated (Part П, p. 127) that after the egg- 
жг) within ап оуше has been fertilised, the one 
and р S into a multicellular embryo. The ovule grows, 
the ; ecomes the sted. The hardened ovule-wall becomes 
ood. esta. Meanwhile the parent plant supplies even у 
his ЦА an is immediately needed by the developing em y 
азо issolved food is carried to the seed by the tubes of t i: 
8 ра bundles of the parent plant (Part П, p. 126). In 

1e seeds the “ spare ” food is stored within the embryo, 
Stone enlarges to fill the whole seed. In others, the M 
Shed in a mass of cells, which fills the space between the 
E tyo and the testa. The growth of the seed soon ceases, 
(doy, the ripe seed is shed. It then passes through a resting 
co, ant) period. At the end of this period—but only if 
Abs ions be favourable—the seed germinates. The embrye 
Orbs the remainder of the stored food, develops, and grows 


int, lops, 
a young independent plant. This is the seedling. 


T 

5. Nee Pon E в seedsman 

Mine Bean seeds as obtained from the seed 

is hey are in a dormant condition. The kindey-shaped ү 
thi d and dry. Its testa is leathery and d i ү 8 
at y €nd is a Jong, narrow; grey-black seat: This is ie e hilt Д 
Poi Пеһ the seed was attached to the fruit (pod). Near, an 

Ming towards the hilum, is a low wedge-shaped projection. 

227 
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9 he 
This shows the position of the young root (radicle) of + : 
embryo lying beneath the testa, . 


Soak some of the seeds 


ikra 
m. This hole is the micropyle (Gk. ee 
Remove the testa. -The cream-colo 


ү ^ rh, 1 арро 
ашы, (5) qunatlon of Broad Bean seed, (a) External tedi 


ü 

É esta (seed coat) Temoved; (с) Cotyledons sepa 

(d) carly stage of germination; (e) oldar seedling 1 2A 

Ry, h=hilum, € =cotyledon, PS EM 
=0рісобу] (stern above cotyled в), hy =hypoe 

elow cotyledons), rh =root-hairg, (The UM aro hypoge?. 


fl 
& pair of large, avay pull 
- kotuledones = suckers). 


€ united at one point of heit 
der. ‘Their Outer 


Surfaces are convex, two 

Оррозей faces are flat. From the joined part of a ge 

LS ‘he conical radicle extends along their <o 
ards i 


s E ay ^ 
cotyledon. e, ick end of the embryo, Break away ^ 


aD 
З tis C 
i 2 young shoot (plumule) is seen. Т ооо?“ 
tinuous With the Tadicle, but Points in the opposite direc 
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Tt li 
ur Man the cotyledons, and its tip curves towards 
Ms о the seed. It consists of a short stem bearing a 
ach MR е: with a tiny bud between them. 

is joined to the b 
short E mon he base of the plumule by a very 
o ; 

of the Ko sony contem enough food to supply the needs 
BüVes à aye until it becomes a seedling with roots and green 
rought Я is then able to feed itself. The dissolved food 
o the cotyledons is changed to insoluble forms for 


8 
torage until needed. 


e. 
ОЙ show the Nature of the Food stored i. 


"tubes. p] Д n the Cotyledons—Take two 
add a few 1 Sog a small piece of cotyledon in each. To one 
ack. T} drops of iodine solution. The cotyledon turns blue- 
а few dro his shows that it contains starch. To the second add 
A a ер strong nitric acid. Heat. Tt turns yellow. Cool. 
Orange T le strong ammonium hydrate. Warm. It turns 
180. This shows that it contains protein. 


The : 
Resting (Dormant) State of the Seed 


hi 
1s may be only a few days, or may last for several months, 
Some dry resting 


е7. fr 
Seeds ha autumn until the next spring. 
ave been kept alive for nearly one hundred years. 
md oxygen. These it 


he 
dormant seed needs little food a 
lready been explained 


ШЙ 
ONDES from its stored food. Tt has a 
the absence of atmo- 


225 that dormant seeds respire in 
€ oxygen, hence the oxygen used must have been 
(anaerobic respiration). 


Obi. 

ai 

RU aa from the food in the seed 

SXtro Ormant seed can resist considerable drought, and 

it en mes of heat and cold. This power is of great value, as 

a Moles ihe seed to tide over very unfavourable periods, 

0 0 saves the species of flowering plants from extinction. 

Ondis; 

"litions Necessary for the Germination of Seeds 

" ven after it has completed its normal resting period the 

Tm cM not germinate except under favourable conditions. 

Include : 

(a) Presence of Water—Just before germination the seed 

e turgid. The testa 


an 


ом 
/ soy bs much water. Its cells becom 
Ns and becomes very permeable, and air enters the seed. 
_The seed needs oxygen 


(b 
"9 An Abundant Supply of Air 
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i i s energy 
xidise some of its stored food, in which proosas which 
to liberated. This energy is needed for the activi NE 
х Ке up the process of germination. The oxidatio: 
put 


gir 


the 
Bean seeds in each. Covers ave 
of olive oil to exclude air. 


eds ій 
arm place. Examine daily. Only the "i ate! 
These only have received both air an 
ived air but no 


т 
od wate! 
Water; those in (c) received 


(b) germinate, 
Those in (a) rece 7 
but no air, m 
T'o find the upon the Rate of. Carmine 18 
Seeds—Place eas, or Beans) in Bapt 5 
containing d Place опе beaker in a wa tond tid 
the other in the coldest place available, Tf possible, DX no yol 
н larger vessel containing ice, Examine. ари d Pario 
Tt is much more rapid in 
warmed beaker. Г НЕ 
ents enable us to understand wi E. MES 
amp soil favour germination, ss 
lose dry Soil, or a water-logge 
unfavourable, i 


Chemical Changes 


The stored foo 


100 

inatio 
taking place within the Seed at Germinal? y 
starch, or oil, 


sists 
d in the seed is insoluble and con 


0 
pe 
ust 
andi proteins. These substances 20 
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carried 7 uti л 

ате ИЕ сыз er аа e 
о О ы | у enzyme ar to those found 
Eli ary cana of an animal (p. 163). Starch is 
on d sugar by diastase, an enzyme similar to the 
ne ound in saliva, The sugar travels in solution to the 
Binds. parts of the embryo. Here it is oxidised, carbon 
rie aa water are formed, and energy set free. Oils 
is simil E anged into simpler bodies, including sugar, which 
ӨК E y used. x Proteins are acted upon by other enzymes, 
to the a s into amino-compounds. These travel in solution 
BUR cells of the growing parts of the embryo. ‘The energy 
the cat from the oxidised sugar enables the protoplasm of 
Bona в to build up more protoplasm from the amino-com- 
seeds s. These reactions taking place 1n the germinating 

are accompanied by the evolution of heat. 


Ко that Germinating 4 
in dam: ing a large number of Barley grain 
the te р Sawdust. Place а thermometer among the seeds. Note 
[ue сабиге recorded. Compare wi 1 
7 rature of the germinating seeds is higher. { 
low Bean seeds to germinate in damp sawdust. Examine at 
Make careful sketches. 


inten 5 
vals. Note the stages of germination. 
the testa near 


The radicle lengthens, and pursts through s 
It Micropyle, It does not emerge through the mieropyle. 
A pane downwards, and develops root-hairs just behind the 
E On of most rapid elongation (see Geotroptsm, Part П, 
P. 156-158), ‘The plumule lengthen’ especially at some 

between the cotyledons. 


18 р 
tance behind its tip, which remains 
hes, and then bursts 


dis lengthening stem of the plumule arc 1 
Ough the testa. The arch of the stem rises above the 
straightens. The tip 


Bu; 
Mace of the sawdust. 


Bee plumule and t 
вру е cotyledons. 
is testa, They gradually shrivel as 
il Sed in feeding the lengthening radicle and plumule. The 


Jeaves abov 
nfold and grow, becoming the first 
5 E^ The root-hairs absorb 
damp sawdust, which 
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1 д һе 
should be watered with soil-water from time to time. Т 


green leaves resp 


ire, transpire, and make food. 
Lateral roots develo 


root-hairs. By this time most o: lishe 
has been absorbed by the Seedling, which is now establi 
as an independent у 


oung plant, 


ti 
j a ver 
Fro, 181.— Germinntion of Castor.oi] веса, (A) Seed; (В) Seod ; di 
Yon, picked; (С) Embryo; (D) Seed лозови ра p?! 
T ; ing: on: 
foliage 1R (F) Oldêr Seedling; (G) Cotyle h 
1 testa, Са -—carunole, e= dons, p =P. 10 
* =radicl; A х0 endosperm, ¢=cotyle о: the Gob 
are See in F), h =hypocoty), J =foliage leaf. (Т i 


THE CASTOR-OIT, SEED 
Ezamine the Seed d 
үе Seed is oval and Somewhat flattened from side aram 
: vey a a Peculiar mottled and streaked appe: 
"his te n2. е seed bears а largê oval spongy ae 

18 18 the Caruncle, e Micropyle is just above 4 


ot 
р on the main root above the Eu. 
f the food in the cotyle 
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Remove the testa of a soaked seed 
A large white mass is uncovered. There is no sign of radicle 


or plumule. 

Bisect one seed vertically and parallel with its wider surface. Bisect 
another horizontally. 

Tts found that the embryo consists of a pair of thin, flat, 
oval cotyledons with a small conical radicle projecting down 
from their hase, and a small spindle-shaped plumule lying 
between them. . This small embryo is embedded in а white 
mass which is uncovered when the testa is removed. It is 
à mass of tissue containing stored food, and is called endosperm 


(Gk. endo = within, sperma = seed). 
То find the Nature of the Food stored in the Endosperm of the 


Castor-oil Seed—Test for starch as in the case of the Bean seed. 
erm in a test-tube add a few 


None is found. To a piece of endos 
drops of Rm а osmic acid. РТ turns black. This shows 
the presence of a fat or oil. Rub a piece of endosperm on а piece 
Of white paper. It makes an oily stain. Ой takes the place of 
Starch as energy-préducing food in this seed. Test for protein as 
in the case of the Bean seed. Protein is present. Allow soaked 
Seeds to germinate in damp sawdust, Note the stages of germination. 
Sketch. 
A psorbs food from the softening endosperm, 
оер ееп the cotyledons and the 


the part of the embryo betw 
radicle ЫП» The radicle bursts through the testa 


and wards. The stem between the radicle and 
the CRETA Jengthens and arches upwards. It is called 
the hypocotyl (Gk hypo= below). The hyp pochy Шов оо 
ап d straightens. The cotyledons still embedded in the 
remains of the endosperm, and enclosed by the split testa, 


ar the surface of the sawdust. The cotyledons 
© dragged above © e practically all the endosperm has 


By this tim 

1 „ The testa, and any endosperm that 
{от ш off. The green cotyledons enlarge, 
a air ОЁ green leaves of the seedling. 
0 become, the ae E: and the first pair of true 
d grow. Notice that their shape is 
PP cotyledons. The food 


m Oliage leaves 
[ imple oval 
that of the simple made by the cotyledons, 


- Afferen from ; 

| ) ir development has been : 
f ie gale and carry 0n photosynthesis. 

к | à 
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ed, 
By this time root-hairs and lateral roots have develop 


- dons; . 
and water and salts are absorbed, carried to the cotyle 
and are used in food-making. 


The Bean Seed and Cas 


tor-oil Seed compared 
Two cotyledons are pre: 


п 
Sentineachembryo, Hence the oe 
and the Castor-oil are both termed DicorynEpons. med 9 
is no endosperm in the Bean seed. Tt is therefore ter єттї. 
Non-endospermic Seed. Тһе Castor-oil seed 18 ndo $ 
The cotyledons of the Bean embryo remained undere уро= 
They are therefore termed Hypogeal cotyledons (Gk. ЛУ 


il embry? 
below, ge=earth). The cotyledons of the Castor-oil foliage 
came above the ground, turned green, and acted like 
leaves, They are th 


erefore Epigeal (epi—above). 

THE MAIZE GRAIN. 
This is really the fruit 
Tt is yellow, hard, a 


one edge of the broad 
conical tuft, 


» and encloses the seed. iadle of 
nd wedge-shaped. , At the mi small 
end of the grain there is a N 12 
This is the remains of the stigma ( forme 
р. 127), Ttg Presence shows that the grain is a fruit o 
from the Ovary (Part П, Р. 127). The narrow ene d the 
grain bears the remains of a short stalk which unite oval 
ftit to the “ cop,” On one broad face of the grain is ап 
white area, This shows the position of the embryo. 

Soak а гатро8 

This is the fruit wall or pericarp (Gk. peri—around, kar? 
=fruit), with the te 


tissues outwar, 


ош. 
ds along the edges of the furr 


; over" 
cle and plumule, These are поў AU the 
ical, the plumule js spindle-shaped. o US 
^re United to the contre of the cotyle jum. 
cotyledon is shi 100. 


ute 
eld-shaped, and is therefore called the 80 n 
(Lat. little shield), his shield-shaped cotyledon is ارزو‎ 
0 all “ grasses.» The flat part of the scutellum lies 
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a mass of endosperm, which fills the remainder of the seed. 
t to the scutellum is white 


The part of the endosperm nex 

and starchy. Тһе remainder is yellow, and contains sugar. 
Bisect one soaked grain vertically at right angles to @ broad 

face. Bisect another grain horizontally. Examine and make out 

the arrangement of the parts of the embryo. 


Maize ‘seed’ (Maize grain). 
h pericarp (envelope) and 
pose embryo; 


and gaemine aoe of М 
i i rain; (B) Grain wi 

dran Yep E scutellum) turned back to ех 

(0) Hor S tal (D) Vertical, section of grain; (E) Embryo re- 

) Horizon gran; (E) Germinating gran; (G) and (Н) Maize 


Fra, 185.—Structure 


moved from grains 


es ts, рс = pericarp, 
ar = itious ro0 = , 
a рН; edges of cotyledon, e —tu 
Pericarp), emb =e , pl-plumule, 7 
root-sheath, s=Vestise of stigma, ts=tes 
endosperm, y.end =yelow (sugary) endospe! 
Sheath, end endosperm: ү 
The plumule and the radicle are each enclosed in a hard 
sheath, They are overlapped on poth sides, above, and 
below by the edges of the scutellum. 
e in 


Allow soaked grains 
stages of germination. 


c =cotyledon (scutellum), 
rned back edges of envelope 
=radicle, rc —root-cap, 78 = 
ta, w.end —white (starchy) 
rm, rh =root-hairs, sh = 


to germinat damp sawdust. Note the 


Sketch. 
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its 
rsts 1 
he radicle lengthens. The hard root-sheath bu 
a ея the skin of on Шы, тоот shat h 
ot-hairs, us 
Hes UE so the sheath bursts A a The 
e s À above the sawdu ae ab 
een, and grows u uter 
The plumule ices He eS 


вот! 
3 -hairs & 
become аз long as the radicle itself. The root-h 
Water and salts, е 


5 an 
ire, 
green leaves respire, OE л) 
make food. The Seedling is now an independent p 
Since the Maize seed 


ize. 
М һе Ма 
germination resemblé those of t 


е 
ith an ol 
Th er, is mainly starchy, with 

Yer very rich in Proteins, 


de 

the 8! 
om 05 rS 

food. т p'umule bursts through and grows M a Доп i 

of the base o € cotyledon, This form of со Dee 0 

Tom that е “ grasses,” and is usual а 

cotyledons, 


Seeds used by Man 
Man Ows 


ins. 
© Seeds very rich in starch and prote 
are valuable foods, Cereal ; roportion ^. 
Barley, Rice, have starchy seeds with smaller P 

Protein, These 


also 
extracted from Some 


WD. ¢ 
radicle grows do 


ы. 
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or-oil from seeds of the Castor- 
the Palm tree, linseed-oil 


btained from the seeds of 
In both of these 


Seeds of the Cotton plant, cast 

, Oil plant, palm-oil from seeds of 
from the Flax seed. Coffee is o 
the Coffea, cocoa from those of Cacao. 
cases the seeds are roasted and ground. 


|. QUESTIONS 


d of the Broad Bean. 
ds? Where are they found 
f each, and how would you 


1. Describe and sketch the see 

3. What food-stufis are stored in see 

in the seed? What is the useo 
prove its presence? 

. Describe the structure and germination of the Castor-oil seed. 

ation of seeds ? 


3. 

4. What conditions are necessary for the germin: т 
5. What changes take place in the seed at germination ? 

6. Describe the structure and germination of the seed of the 
Maize. How does the Maize gram differ from the seeds 


described in this chapter? 
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ANSWERS TO NUMERICAL EXAMPLES 


CHAPTER VII, р. 51. 
4. (i) 6cm. real; 1 cm. high, inverted. 
(ii) 12 em. real; 4 ст. high, inverted. 
(iii) 4 em. virtual; 4 cm. high, erect. 


5. (i) 3cm. virtual; 0-5 em, high, erect. 
(ii) 2-4 em, virtual; 0-83 cm. high, erect. 
(її) 1-33 cm. virtual; 1-5 cm. high, erect. 

6. (i) 6 em. real; 1 cm. high, inverted, 
(ii) 12 em. real; 4 em, high, inverted, 
(iii) 4 em, virtual; 4 cm. high, erect. 

% (i) 30m. virtual; 0-5 cm. high, erect. 
(ii) 2-4 em, Virtual; 0-83 cm. high, erect. 
(ii) 1-33 €m. virtual; ].5 cm. high, erect, 

9. (a) 7.5 €m.; (b) 5-0 cm. 


10. (a) 16 €m.; (b) 8 er. 


CHAPTER x › р. 96, 
8. 276-9 со, IL p 

4. 133-7 c.c, 

5. 8-90, 


8) 822 grains, CHAPTER XIII, р. 116. 
4. 9 tons, 

5. 1-86 litres, 

6. 25 grams, 


-—À 


INDEX 


» 
Puysics 


Ampore-turns, 17. 

(ү днн, 81. 
ospherie Refracti 

Attraction, pcm ds 


Bell, electric, 20. 


Camera, 78. 
austie, 55. 
ntre of 
Сое curvature, 54. 
Shee method of, 45. 
a complementary, 84; filters 
Commutator, 25. ` 
oie 2. 
Ore rule, 22. 
SAL angle, 70. 
усы temperature, 14. 
, field, 21; magnetic offect, 


Domagnotising, 13. 
авнаа 5. 
о, principle, 29; 
31-33; types, 33. 


simple, 


Mlotrie bell, 20. 
екпе 19, 20. . 
ye, P induction, 30. 


F 
Rone 0-magnetism, 4: 
al lengths, 53-54 


(e? A 
"Syanomoter, 92; moving coil, 


Gimbols, 3. 

mphical work on mirr 
« censes, 56-62. 
ста,» 38 

"ound glass, 41. 


ors and 


(CHAPTERS I-X) 


Images, plane mirror, 44, 46-48; 
virtual, 63. 

Induction-coil, 35; electro-mag- 
netic, 30, 34; magnetic, 10. 


Kaleidoscope, 48. 


Lamp-bank, 18. 
Lantern, magic, 78. 
Lenses, 57,72; grap 
Light-year, 43. 
Lines of force, 8. 
Lodestone, 1. 

Long sight, 80. 


hical work, 59. 


Magic lantern, 78. 
Magnetic fields, 7-9, 21. 


experiments, 2-6. 


Magnifying glass, 15. 
‘ners’ compass, +- 


Marin! 

Maxwell's corkscrew rule, 22. 

"Microscope, “° 

Mir: ^ 

Min) curved, 52; graphical 
work, 57; images, 44; motor- 
car, 59; plane, 41; rotating, 49. 

Motor; electric, principle, 24; 
types: ^5" 

7 il ammeter, 28; galvano- 


Mi уш cor 
oving 00175 Joudspeaker, 28; 
voltmeters 28. 


parallax, 45. 
para-magnetism, 5. 


239 


240 


Periscope, 49. 

das 44. 

Poles, 3. " 
Principal focus, 51; virtual, 53. 
Prism, experiments, 88, 


Radius of mirror, 54, 
Ray-box, 39. 
Reading glass, 75. 


Reflection, laws of, 41; plane sur- 
faces, 39. 


Refraction, 65; atmo; 
critical angle, 70; 
efractive index, 69, 


spheric, 72; 
law of, 68. 
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Saturation, magnetic, 18. 

Searchlight, 58. 

Short sight, 80. 

Soft iron, 3, 16. 

Solar system, 43. " 86; 

Spectrum, 82; continuous bo 
emission, 87; pure, 84; д 


Telescope, 75. 
Total reflection, 71: 
Transformer, 37. 


Virtual Images, 63. 
ision, defects of, 80. 


CHEMISTRY SEOTION 


Absolute zero, 104, 

Acetone from wood, 130, 

Alcohol, methyl, from wood, 130. 

Ammonia, laboratory Preparation, 
152; oxidation Of, 151; solu. 
tion and Properties of, 153; 
Synthesis of, 150; use in refri- 
Eerators, 154, 

Atom of hydrogen, weight of, 118, 

Atomic Weights, table of, 120. 

ms, atomic weight, 116, 


Boyle's Law, 97. 
urners, rado, 139, 


Cane Sugar, 157, 
Carbohydrates, 156, 
arbon monoxide, 


roduction of 
by breaking in р 


пег сопе, 138; 
К from carbon 
; Properties, 142, 
Carburetted water phe, 144, 
elluloses, 157. - 
harles’ Law, 102. 

Coal, burning in air, 132; calorific 
e determination, 144; dis- 
ulation, 1 ; d is- 
tillation, 137, ШЕРҮ 


(CHAPTERS XI-XVII) 


f, 90. 
Conservation of Mass, law of, 9 


nstant composition, E for 
Correcting -rolumes of g ressure 
temperature on and P 92 
changes, 105. ; f, 97. 
Cupric oxide, preparation ols 


Dalton, atomic theory, n iron» 

Displacement of copper 
110. 

Equations, 123. Is, 90: 
diesen weights of med Т 10 
quivalent weight of. 112; ° 
9f oxygen, 111; of tin, 
zine, 106. 


6. 


Fats, 158. 
Formulae, 120. 


Gas carbon, TA 
Gay-Lussac, 1 Я 8. 
Gram atomic weight, 11 
Graphite, 126, 

Glucose, 157. 


«cal 
EC 
High pressures, physioloE! 
effects, 105. 
90. 


2 ter. 
Indestructibility of matter, y 


1 
ture: 
Kelvin scale of tempera! 


——— 
—— 
OUT ых ot D 


Ss — vacua t eee 


— 


E Index 241 
amp-black, 127 

d > - Starch, B 
Laying a household fire, 141. Sugar, 157 


"оаа? pencils, 127. 


Marsh-gas, 130. 
ultiple proportion, law of, 113. 


Nitrionacia from air, 149. 
eae 147; extraction from 
Roan ih gpnversion into plant 
ood, 149; en - 
iisdem 100: hydrogen, com 


Proteins, 
, 157; b E 
ducta, 158. reak down pro 


Rado burners, 139. 


Synthetic ammonia, 150. 


Tin, determination of equivalent 
weight, 112. 


Vitamins, 159. 
Volume of gas evolved during a 


chemical reaction, apparatus for 
measuring, 1 


143. 


Water-gas, preparation, 
129; dis- 


Wood, burning in air, 
tillation, 129. 

Wood charcoal, 128. 

Wood spirit, 130. 


Вогову SECTION 


[t. — following P 
Abdomen, 162, 183, 125. 
1 ga ption by alimentary canal, 
ксн 167; root-hairs, 916-218. 
2 mmodation (focussing), 202, 


Adrenal body, o 
, of Frog, 205 F.; of 
дїп, 180 F. y з 
Гарасат canal, 161, 162; of 
1628 193, 194 F.; of Man, 
i Е.; of Rabbit, 162 Е. . 
aao pounds; 166, 168, 221, 


Amphibian, 187. 
ylopsin, 166. 
titoxin, 179. 
us, 161, 163. 
orta, 181, 197, 198 F., 199 F. 
Ppendix ' (vermiform), 161 F, 
162 F., 103. 
queous humour, 203. 


80 F., 197, 199 F.; 
Cutaneous, 198 F.; hepatic, 
F.; iliac, 180 F., 198 F.; pulmon- 
агу, 17] F., 172, 199 F.; 
renal, 180 F., 183, 198 Е.; sub- 
clavian, 180 F., 199 E- 
uditory capsule, 190 T. 203; 
A Berve, 203, 204; organ (sce Ear). 
uricle, 179, 180 F», 181, 198 F-. 199. 


167, 179, 183, 184. 
Bark, 226, 220. 


Bladder, of Frog, 194 F., 195; of 
al ( 172, 180 F., 183. 


Blood, 176 F., 196 F 
ity, 162, 195, 196; tem- 


perature, ^ Í 

Brain, 161 F» 186, 200, 201 F., 203, 
204. 

Breast Бопе (sternum), 161 F., 172, 
173 Е., 174, 190 F., 191. 

Breathing, of Frog, 190; of 
Mammal, 172. 

Broad Bean seed, 227, 228 F., 234. 

170, 171 F. 


hiole, 
Вгопошо 161 F., 171 F., 172, 196. 


Cæcum, 163, 107. 
oth), 164. 
176, 178, 179, 


Capillaries, 174, 

83, 184, 196, 197, 199, 207. 
Carbohydrates, 160, 167, 215, 231. 
Carbon dioxide (see Respiration); 

jntake of, by green plant, 211; 
use of, by green plant, 212. 


Caruncle, 232. 
Castor-oil seed, 232 Е., 234. 


242 


Cellulose, 166, 167. 
Cement gland, 206. 
Centrum, 190, 191 F. 
Chlorophyll, 210, 212, 214, 
Chloroplast, 210, 212. 
Choroid coat, 203. 
Chyle, 168. 
Chyme, 165, 
Ciliary muscle, 203, 
Circulation (circulatory System), of 
Frog, 197 f; of Mammal (Man), 
79 f.; portal (hepatic portal), 
99; P onary, 181, 199; 
renal portal, 181, 199; Systemic, 
181. 
Cloaca, 193, 205. 
Clot, 179. 
Cold-blooded animals, 185, 
olumella, 204, 
rnea, 209. 
Tpuscles, 176, 177 F., 199, 
Cotyledon, 228-234. 
Mo 161 F., 190 Е., 192 F., 


Cutin, 9 10. 


Dermis, 184, 185 F., 186 (see. also 
Skin), 


Dicotyledon, 234, 


lgestion, 161, 164-167, 231. 
glands and juices, of 
Frog, 195 f.; of Mammal, 163 f. 
ormant period, 227; State, 999. 
"odenum, 102 р, 163, 166, 179, 
9. 


Ear, of Fro 2 ; 
204. 8, 203, 204 F.; of Man, 


Оң, 189, 204 F.: of 


me (plant), 227, 
ndolympp ic d 9 285 Ei 


" 170, 215 
Ер 163, 231, 

рі Tus, of Mamm, 1 7 

F plant, 210, 91) 184, 185 F.; 


Intercostal muscles; d juice, 
Intestinal glands an t 
Intestine, digestion 1 
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Epigeal, 234. ғ. 
BU. tube, 180 Е., 204 
Excretion, 183, 204. A дү 
Excretory organs (see Kidney: ) 
iration, 174, an 
UE Frog, 189, 202 F; of Mam 
203 F. 


D 


Fatigue, 170. 

Fate and oils, 160, 167, ы 
Fibrin, 179; ferment, 179. 
Fibrinogen, 179. 4. 
Foliage leaves, 231, ЕЕ), 28 
Food, use of, 160, 230, 

"rog, 187 f. 


94 F^ 
Gall-bladder, 162 F., 163, 1 ^ 
195. uico, 105, 198 
Gastric glands and juice, 
Germination, 229 F. seri 
Gill, external, 200; inte! 
slit, 206. 
Glottis of Frog, 188 Е., Д8 i 
Glucose, 169, 215, 221, 
lycerin, 166, 168. 
lycogen, 169. 
Guard cell, 210 F. 


200; 
196. 


Hemoglobin, 177. 
air, 185. у 

Heart, of Frog, 197 f. Ё.; 
179 f. F. 

Hoat, 160, 167, 231. 
ilum, 227. Я 

Hip girdle, 190 f., 192 F», 
ormone, 178, 187. 33 
Ypocotyl, 232 F., 233. 
Ypogeal, 234. 


of Man 


193. 


Incisor, 164 F., 165 F. b. 
nspiration, 173. :5 ide by B 
take of carbon dioxi! p. 
plant, 211. Its by E 
ntake of water and sal a 
plant, 216, 219. 211, 212 
tercellular spaces; g 
d abso, 
61 аш 
tion in, 166; large Ё smal 
162 F., 163, 194, DD p, 195- 
161, 162 F., 163, 1 


Tris, 202 F., 203 F. 


ed 


mi 


eee te, 


` 


Index 
XEsophagus, 161 F., 162 F., 195, 


Kidney, of Fr 
Й ор, 193 Е., 205 Е.; 
of Man, 180 F., 183; (urine) duct 


ise frog, 194 F., 205 F.; tubules 


of, 183, 184. 


. Lacteal, 166 F., 167 F., 168. 


Lactic acid, 
> 169, 
Lagen, 20i. ДА 
„Lar, 
ihe 161 F., 171 F., 172, 181, 


Lens, 202 р.“ 
, 202 F., 20); 
исе, 225, 290 it 7 
ver, of Frog, 194, 195; 
ШІ P. 162 P, EA n 
» O rog, 196, 207; f 
L Mammal, 170, 171 Е., 172. i 
peeks 176, 178, 200. 
Teena (see Lacteal), 176. 
ph spaces of Frog, 189. 


Maize Ч 

мезо Itin, 294, 235 T, 236. 
altose, 915. 
Ammal, 160; bl 
1 > ; blood апт h of, 
ee brain of, PATI F.; 
Sce 204; excretion of, 183 f.; 
(Мал)? 203; internal organs of 
sen ),161Е.; nutrition of, 101f.; 
of (Macha on 170 f.; skeleton 

, „192 F.; ski 

(Мап), 184 f. T. ray 
esontery, 103, 195. 
Stl 210, 218. 
Б Tphosis of 
ieropylo, 228 9, Егор, 187, 207. 
olan, Ei cavity, 204. 
nocotyledo: 
п, 236. 
е, 162, 206; digestion 


Mow. 

o Л 

пеш, of Frog, 193; of water 

мо Salts in green plant, 218. 
us membrane, 162, 189, 197. 


Nei 
208! auditory, 203, 204; optic, 
ме 8, 203 E. | 
pel ofskin (dermis), 185 F., 186. 
SO Spinal, 200, 201 F. 
Nit oS System of ор, 200, 201F. 
on. es in green plant, 221. 
Nut eudospermie, 234. 
mal ae of Frog, 195; of Mam- 
, 160 f.; of green plant, 209 f. 
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205 F. 
Optic nerve, 202 F., 203 F. 
Osmotic pressure, 218, 221. 

Ova, 205 F., 206, 207 F. 

Ovary, 205 F. 

Ovum, 229. 

Oxyhemoglobin, 177. 

Pancreas, 161 F., 162 F., 163. 
Pancreatic duct, 162 F., 163; juice, 

163, 166. 
Parenchyma, ра 

spongy, 211 Е. 
Pepsin, 165. 
Peptone, 165. 
Pericarp, 234. 
Petiole, 228. 
Pharynx, 161, 162, 206. 
Phloem, 221. 
Photosynthesis, 212. 
Plasma, 176. 
Pleura, 170. 
Plumule, 228 Е., 

235 F., 236. 
Pod (legume), 227. 
Porometer, 212 F. 
Potometer, 220 F. 
Protein, 231, 236; fo: 

in green plant, 221; 

165, 167, 231. 
Proteins, digestion of, 165, 166; 

assimilation of, 167. 
Protoplasm, formation of, 160, 

167, 231. 

Ptyalin, 164. 
Pupil, 202 F., 203 F. 


lisade, 211 F.; 


231, 232 F., 234, 


rmation of, 
use of, 160, 


Radicle, 228 F., 231, 232 F., 233, 
235 F., 236. 

Rectum, 162 F., 163, 195. 

Rennin, 165. 

Reproductive organs of Frog, 
205 F. 

Respiration, 160, 169; of Frog, 196; 
of Mammal, 170 f.; of Tadpole, 
207. 

Respiration, aerobic, 230 (see also 
Respiration); anaerobic, Б, 
229: i 

Respiration, of green plant in 
darkness, 229; in light, зе 

о 


of non-green tissues, 2253 
seed, 225, 229, 230. 
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: exchange in lung, 174. 

eee organs, of Frog, 196; 
of Mammal, 170 f. F, 

Retina, 202. 

Ribs, 172, 173. 

Root cap, 216, 235, 

Root hair, Structure of, 216. 

Root-hairs, function of, 209, 216- 
219, 231, 234, 236. 

Root pressure, 220, 22], 

Roots, adventitious, 236; lateral, 
232. 

Saccule, 204 Е. 

Saliva and salivary glands, 164. 

Scapula, 173, 190 F., 191, 192 Е, 

Sclerotic coat, 203 F. 

Scutellum, 234, 235, 236. 

Secretin, 179, 

Seed, 227 f. F. 

Seedling, 227, 231, 232, 233, 236. 

Seeds used by Man, 236. 

Semicircular canals, 203, 204 F. 

ensations, 201, 
ense organs and Senses, 20] f. 


Shoulder girdle, 173, 190 f., 191. 
Sieve-tubes, 221. 


Inus venosus, 197. 
Skeleton, of Frog, 189 f.F.; of Man, 


190, 192 Е., 193; of Vertebrate, 
functions of, 193, 


kin, of Frog, 187 ; of Man, 184 ES 
185 F. 
Skull, 190 F., 192 F, 
Soap, 166, 168. 
Spawn, 205. 
Sperm ducts, 205; fluid (sperma. 
tozoa), 205. 
Spinal cord, 161 1 191, 201 Е. 
Spleen, 194 Е., 195. 
teapsin, 166, 
ernum (see Breast bone). 
Stigma, 234. 
tomach, 161 F, 162 F., 17 
194 F., 195, ” tee 
Stomata, 210, 211 F., 212, 
ugar and starch formation by 
green plant, 212. 


Sweat, Sweat glands, 184, 185 F, 
Taste, 201, 
Taste organs, 202. 
Teeth, of Frog, 189; of Mammal 
(Man, Rabbit), 164 F., 165 F. 
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Testa, 227, 228, 233. 
Testis, 205 F. 
Thorax, 162, 172, ШЫ su. MI 
Touch, touch organs, > 

in, 179. 1 7 
Trachea 161 T, VL Fy 102. aps | 
Transpiration, 216, ? 1g 0) 


i 218,221. . 
Transpiration GEE 198 Е 


Pe 


cus arteriosus, 
199 F. 
Trypsin, 166: 


rea, 178, 183, 205. 
тов, MO E. 1983, 184- 
Urethra, 180 F., 2d 
Urinary duct, 205 F. 
Urine, 178, 184. 

Utricle, 204 F. 


00. 
Valvo, 180, 181, 39h; (of loaf), 
Vein (of animal), 
211. 
Vein, anterior ab 


: 197, 
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